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Why? Because quality flavors make quantity sales. 


lf you have a flavor problem, we can help you. Experienced flavor chemists at IFF can create a 
flavor exclusively yours . . . suggest ideas for new products. . . improve flavor stability and 
shelf-life. If yours is an established product, IFF flavors can add new zest for renewed 

sales impact. 


And if you are in the international market, IFF can minimize problems of supply. Uniform 
manufacturing and quality control in all of its plants throughout the world assure customers 
that IFF flavors, wherever ordered, remain the same from batch to batch. 


For the flavor that’s sales-perfect for your product, contact IFF. 
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FLAVOR DIVISION 


INTERNATIONAL FLAVORS & FRAGRANCES INC. 
417 Rosehill Place, Elizabeth 2, N. J. 


Leading Creators and Manufacturers in the World of Flavor 


ARGENTINA AUSTRIA 86 M BRAZIL CANADA ENGIAND FRANCE GERMANY HOLLAND INDONESIA ITALY NORWAY SOUTH AFRICA SWEDEN SWITZERLAND U.S.A, 
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toMotrrow... eye-appeal depends first on color! 


NATIONAL 


It’s as true now as it was when we first 
began to serve the industry over a half 
century ago. Color is the dominant at- 
traction in any setting that makes good 
food look “‘good enough to eat.” 


Today, our conveniently located cus- 
tomer-service laboratories help food 
processors to produce desired shades with 
the utmost economy compatible with 
their specific requirements. To accom- 
plish this, we rely on our long experience 


CERTIFIED FOOD COLORS 
NATIONAL ANILINE DIVISION 


40 RECTOR STREET, NEW YORK 6, N.Y 


Atlante Boston Charlotte 


and the most comprehensive spectrum 
of certified food colors made! 

Looking to the future, our Research and 
Engineering Center is engaged in inten- 
sified research to expand our range of 
standardized colors and improve appli- 
cation techniques. Through their efforts, 
we will be able to continue to formulate 
the shades you want. 

That’s why, more than ever before, it 
pays to call National Aniline first. 
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Economic Trends in Food Processing 
in the South”’ 


A, AMAZING food processing in 
dustry, which in many respects has made_ possible 
both today ’s type of agriculture and today ’s processed, 
packaged, and serviced food supply, stands between 
the farmer at one end of a continuous flow of supplies 
and the retail store at the other 

Economie, social, and technical developments in the 
Nation and in the South made possible and necessary 
the growth of the food processing industry. Increases 
in real per capita incomes, shifts in population from 
rural to urban living and, consequently, to different 
patterns of social life, and the rapid advances in all 
rin 
ch 


nical, specialized, commercialized food processing in- 


phases of scienee and technology—these are the } 


cipal factors that opened the way for a highly 


dustry. These social and economic changes and the 
‘mergence of the modern food processing industry 
appeared in other regions of the Nation sooner than 
in the South. 

For a long period prior to the second World War, 
agriculture in the South had undergone little change 
either as a type of farming or as a way of life. Agri- 
culture was generally characterized by a large num- 
ber of relatively small farms producing a diversity of 
crops, an abundance of farm family labor, and sub- 
sistence farming. Subsistence farming varied with 
the degree to which specialization and commercializa- 
tion had advanced in a locality and to some extent 
with the size of farm. The usual family farm pro- 
duced much of its poultry, meat, vegetables, and fruit 
for home consumption. These foods were eaten fresh 
in season and in preserved form during the off-season. 

Since World War II the surge in science and tech 
nology has shown its effects on southern agriculture 
The growth of urban centers, paralleling the increase 
in industry and commerce, has provided off-farm em 
ployment opportunities and the population has drifted 
from rural to urban centers. The size of farms is 
increasing and capital assets are being substituted for 
the labor asset. As a result, output per man and real 
income are increasing. Farming continues to move in 
the direction of specialization and commercialization. 
Subsistence farming continues to decline. The effect 
of all this has been that the farmer who moves to the 
City becomes wholly dependent on the food industry 
for food supplies, and the farmer becomes almost as 
dependent 

Consumers in recent vears have steadily inereased 
their dollar outlays for food as real incomes have in 
creased The reduction in home production, an 
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increased trend toward eating meals away from home 
and more marketing services have also contributed to 
this increase in per capita food expenditures 

Moreover, consumption patterns have been changing 
in the South. Consumption of pork and lard and corn 
meal has decreased. The shift has been toward th 
use of more processed fruits and vegetables and liv: 
stock products and away from cereals and potatoes 
Consumption of potatoes and processed fruits and 
vegetables was relatively low in the South and rela 
tively high for fresh vegetables. The trends toward 
eating more meals away from home, buying more pri 
pared meals for home use, and purchasing more food 
services and conveniences seem certain to continue to 
increase. The food processing industry is developing 
in the South in response to these discernible transfor 
mations in its economic, social, and technologie struc 
ture. The South is presently advancing, in fact, at a 
faster rate than other regions of the country. 

The accompanying charts show graphically the 
rapid growth and development of food processing in 
15 southern states from Maryland to Texas including 


Figure 1. Growth of food manufacturing in the South in 
terms of constant dollars (1947-49 price level). 


SEPTEMBER COVER. Birth of a potato chip! De 
picted is a series of Urschel Model ‘‘CC’’ slicers deve 
oped for the potato chip industry, and installed in Jays 
Foods Ine. Potato Chip Plant, Chicago, Illinois. Potatoes 
emerge from the left and are dropped into a hopper where 
separation of gross foreign material is accomplished 
They are then dropped into the slicer proper wher 
trifugal force causes potatoes to press against 

shoes with approximately seven times their weight 


influenced by this force they slide over a series of « 
knives (disposable) in the slicing head where both slicing 
and separation of fine foreign matter occurs. Potato 
slices are then discharged against a conical ring, 

through the discharge chute, and conveyed for further 


processing. 
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ADMINISTRATIVE DATA 
AND DIRECTORY 


Editorial Oftice 
11606 South Bell Avenue 
Chicago 43, Illinois 


Address to this office all manuscripts, 
proofs, letters pertaining thereto, ete. 
Prospective contributors are invited to 
send for the pamphlet Information and 
Suggestions to Authors which contains 
style instructions. 


Business Office 
176 West Adams Street 
Chicago 3, Illinois 


Business Manager 
CHARLES 8S. LAWRENCE 


Advertising Manager 
Rosert C. SLUNDER 


Eastern Advertising Representative 
DuNCAN MACPHERSON 
1465 Golf Street 
Seotch Plains, N. J. 


Address to the business office all re- 
quests for member subscriptions, changes 
of address, and information on adver- 
tising. Claims for copies lost in the mails 
must be received 30 days after issue (90 
days, foreign). Changes of address must 
be received at least two weeks before 
date of issue. 


Subscription Rates: For members the 
cost of subscription is included in the an- 
nual dues. Non-members: Domestic, U.S. 
Territories, Canada and Mexico, $11.00 
per year; Central and South America, 
$12.00 per year plus $1.00 postage; all 
other countries, $12.00 per year plus 
$2.00 postage. Single and back copies: 
domestic, $1.50; foreign, $1.75. Subscrip- 
tions are entered on a calendar year basis 
only. In the event a subscriber cancels, 
no refund will be made. 


Publication Office 
Tue GarRRARD PRESS 


510 North Hickory 
Champaign, Ill 


Address to the Publication Office all 
requests for non-member subscriptions, 
back volumes, single copies (costs are 
listed above). Authors desiring reprints 
should address orders to this office; rates 
are printed on the order blank. (Requests 
for a single reprint of a published paper 
should be addressed to the author.) 

Foop TEcHNOLOGY is published by the 
Institute of Food Technologists and 
printed by The Garrard Press, Cham 
paign, Illinois, U. 8. A. 

Copyright, 1960, by the Institute of 
Food Technologists. 

Mailing Permit: Entered as second- 
class matter, Feb. 25, 1947, at the Post 
Office at Champaign, Illinois, under the 
Act of August 24, 1912. 

Responsibility for statements appear 
ing in Foop TrecHNOLOGY rests on the 
author thereof; points of view expressed 
in the columns of the journal do not 
necessarily have the endorsement of the 
Institute of Food Technologists. Men- 
tion of commercial products in the tech 
nical pages of this Journal is not to be 
construed as a recommendation of such 
products over others in the same category. 


SEPTEMBER, 1960 
Volume 14, Number 9 


PUBLISHED MONTHLY BY THE INSTITUTE OF FOOD TECHNOLOGISTS 


CONTENTS 


Role of Psychrophilic neterl n Frozen Food Spo 


NDERSON 


Functional Properties and 
Containing Different F 


RUTH RD \DELMAN 


The Determination of Soluble Solids in Citrus Ju 
The Effeet of Non-Sucrose ¢ omponents on 


CLIFFORD SCOTT, I 


VELDHUIS 


Determination of the Proximate and Eleetrolyt 
BERMAN 
Effect of Sodium Chloride, Citrie Ac 
Palatability of Canned Tomatoes 


Rik PANGBORKN 


Caleium Hydroxid et Bell Pepper 


ICE W. HOOVER 
Germicidal Effeet of Orange Peel Oil and p-Limo 


Orange Juice. I. 
Fungicidal Properties Against Yeast 


Effeets of Partial Pumping or 
Palatability of Aged Hams 


Y. VARNEY 


Studies on the Application 
. G. KEMP 


Comparative Heating Effic 
Electrie Oven 


Comparison of Rate of Cor 
Frozen, Defrosted Tur 


HARRISON 


The Relationshiy of Apple 


KR. L. LA BELLE, R MOYER 


Optical Density of Tomato Serun 


Induced Changes 


MarTIN S. Pererson, Editor 


Associate Editors 


Dwieut H, BeraQuist ERNEST A. FIEGEE B. ROBINSON 


A. Buck BEATRICE FINKELS' Don Scotr 


Haro_p A, CAMPBELL JOSEPH HULSE KEVIN G. SHEA 


E.siz H. DAWSON EUGENE F. JANSEN WILLIAM L, SULZBACHER 
JOSEPH R. WAGNER 


H. Y. YANG 


Ceci, G. DuNN RogER PaTRIcK 


CHARLES FELDBERG InvinG J. 


Editor Emeritus 
C, OLIN 


Consulting Editor 
Z. I. KeERTESZ 


= 
4 
ts 418 
fractometer Values 423 
\. ON ALD A. MORGAN, AND M. K, 
429 ‘ 
433 
SHERMAN LEONARD, B. LUH, AND ROSE MA 
441 
MURDOK ND W. E. ALLEN 
the Shrinkage, R lit Devel ent, and 
446 
GEORGE C, SKELLEY, JR., JAMES KEMP, AND W. 
449 
i rAd 
ev Hens 458 a 
GRAYCE FE. GOERTZ, ) DOROTHY 4 
Maturity to Applesauce Quality 4633 
i 
| from Coneentrat M sure of Heat 
Product Corrosivits 468 
i 1ERNANDEZ ND FP, FEASTER 
4 
3 


FOOD TECHNOLOGY, SEPTEMBER, 1960 


Processed Meats Seasoned With 


MAGNA CONCENTROLS 


taste better, sell faster because these 
scientific formulations of spice essential 
oils and oleoresins are 100% natural 
flavor obtained from the finest herbs and 
spices. All of the flavor is released im- 
mediately. Your products are uniformly 
seasoned at all times. 


Popular MAGNA CONCENTROLS include: 


BOLOGNA No. 128 

CORNED BEEF HASH No. 146 
FRANKFURTER No. 130 
LIVERWURST No. 112 
SALAMI (Various types) 
SAUSAGE (Various types) 
WIENER No. 153 


Mail us in confidence a sample of any 
dry soluble seasoning and we will con- 
vert it into a MAGNA CONCENTROL and 
send you an ample testing sample with 
instructions for use. No cost or obligation. 


1895 


Since 


MAGNUS, MABEE & REYNARD, Inc. 


Cossential Oils and Concentrated 
Flavore 


16 Desbrosses Street, New York 13, N. Y. 


the District of Columbia. They provide a compari 
son with the United States as a whole. 

The percentage change from 1939 in terms of con 
stant dollars, using the 1947-49 price level for 
deflating the dollar, is shown in Figure 1. Put in 
terms of the 1947-49 dollar, food processing in the 
South as of 1958 had increased 161% from what it 
was in 1939. In actual dollars the value of foods 
processed in the South was 1 billion 690 million dol 
lars in 1939, 11 billion 312 million in 1958! 

In the same period food processing in the United 
States as a whole increased in terms of the same con 
stant dollar by 93% (Figure 2). The total value of 


193% 
178% 
100% 
1939R3 1947 1954 


Figure 2. Growth of food manufacturing in the United 
States in terms of constant dollars (1947-49 price level). 


foods processed in the United States was 10 billion 
618 million dollars in 1939 and 52 billion 581 million 
dollars in 1958. That total food processing in the 
South in 1958 exceeded total food processing in the 
United States in 1939 is rather amazing. 

Growth of food manufacturing in one southern 
state (Georgia) is compared graphically in Figure 3 
with that in the South and in the United States. Since 
1939 Georgia has exceeded the South as a region and 
the United States as a whole in rate of growth in food 
manufacturing. These comparisons are in terms of 
the deflated or constant dollar. Much of the growth in 
Georgia is clearly attributable to the broiler process 
ing business. 

In Figure 4 some other southern states are included 
to show the relative changes in states that were, 
among the southern states, low in actual dollar value 
of food manufacturing in 1939 and have made less 
percentage change. For example, the output of South 
Carolina’s food processing industry had only a 31 
million dollar value in 1939 but increased it by 1958 
to 174 million or 118% in terms of deflated dollars 
Alabama, with a total value of 52 million dollars in 
1939, increased that value to 454 million in 1958 
241% in terms of constant dollars. In another state, 
Texas, the value was fairly high in 1939, 341 million, 
but rose to 2 billion 351 million in 1958, a 169% in 
crease in constant doilars. 

Some facts not shown in charts are of considerable 
interest. The total number of food manufacturing 
establishments decreased in the South and in the 
United States between 1947 and 1954 but within some 
classes of food manufacture there was an increase. 
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preparation plants. Changes in number of employees 
ean i were relatively small up or down in canning, pre- 
serving, and freezing, and in the grain-mill products 
ee branch of the food industry. 
ey It can be stated with assurance, in concluding this 
ao ee brief assay of economic trends in food processing in 
; the South, that the gains made in the southern states 
have been substantial. Measured by the constant 
f dollar yardstick, the distance covered between 1939 
and 1958 is impressive, one of the signal events in the 
U.S. economy of that span of vears. 
1954 


Figure 3. Increase from 1939 in value of output of food GEORGIA-2! 
manufacturing: Georgia, the South, and the United States as a 


whole in terms of constant dollars (1947-49 price level). 


For example, though dairy plants, canning, pre- q 


xX 


serving and freezing plants, and miscellaneous food 


preparation enterprises declined in number, meat AMA 22 


processing plants inereased both in the South and in 
the United States as a whole. It is of interest that 
yrain-mill products plants increased in the South but 


SOUTH - 161 


decreased considerably in other regions of the United 
States 


The number of employees rose sharply in the meat 

Figure 4. Increase in value of output of food manufacturing 
from 1939 to 1958, selected states compared with the South and 
3 the United States at large in terms of constant dollars (1947- 
and South in dairy products and miscellaneous food 49 price level). 


processing business in the United States and the 
South but declined in number in the United States 


FOR TECHNICAL HELP... 


if In addition to supplying you with high quality choco 
late flavorings and coatings, your Man From Blumen- 


thal will gladly: 

1. Discuss prices and prevailing market conditions 

2. Arrange for his laboratory to perform special serv- 
ices that can only be handled by a lab staffed with 
chocolate technicians and equipped with the latest 
analytical and pilot plant equipment to produce 
special types of chocolate 

3. Refer your problems to one of our consultants spe- 
cializing in technical problems 


4. Conduct research on new ideas suggested by you 


BLUMENTHAL BROS. CHOCOLATE Co. 
MARGARET AND JAMES STS., PHILADELPHIA 37, PA 
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Committee for the 1961 Technical Program Appointed 


President Imri Hutchings, acting on the recommen- 
dations of the Council, has appointed a permanent 
program committee having a rotating membership. 
Five members will be replaced each vear—one in each 
section. The complete membership for 1961 follows: 

PROGRAM COMMITTEE 

Mr. Fred C. Baselt, Chairman (1961), American Can 
Company, 100 Park Avenue, New York 17, New 
York. 

Dr. Paul A. Buek, Vice Chairman (1961), Stocking 
Hall, Cornell University, Ithaca, New York. 

Dr. Betty Watts, Member-at-Large (Chairman 1962), 
Florida State University, Tallahassee, Florida. 


GENERAL AND BASIC RESEARCH 
Chemistry, microbiology, physics and nutrition. 
Dr. Hans Lineweaver, Div. Chairman (1960-65) 
WUR&DD, U.S.D.A., 800 Buchanan Street, Al- 

bany 10, California. 

Dr. Bernard F. Daubert (1960-1962), Research Cen- 
ter, General Foods Corporation, 555 South Broad- 
way, Tarrytown, New York. 

Dr. Harry E. Goresline (1960-1961), QMF&CT, 1819 
West Pershing Road, Chicago 9, Illinois. 


Meter 


A full-fledged line-operated 
pH Meter of remarkable ac- 


curacy at the $175.- 


moderate price of 
Write #225 to (complete incl. 
PHOTOVOLT CORP. 


95 MADISON AVE NEW YORK 16, N.Y. 


QUALITY CONTROL AND SENSORY TESTING 
Statistical, sensory evaluation, performance 
characteristics and storage stability 
Dr. Amihud Kramer, Div. Chairman (1960-1963 
Dept. of Horticulture, University of Maryland, 
College Park, Maryland. 

Mrs. Lois A. Sather (1960-1962), Oregon State Col- 
lege, Corvallis, Oregon. 

Dr. James J. Albrecht (1960-1961), Inter. Minerals & 
Chemical Corp., 4348 North Sacramento Avenue, 
Chicago 18, Iinois. 


PROCESSING AND ENGINEERING 
Canning, dehydration, freezing, fermentation 
and radiation 


* John F. Murphy (1960-1963), 624 Travers, Chi 

cago Heights, Illinois. 

Dr. Paul E. Ramstad, Div. Chairman (1960-1962 
General Mills, Incorporated, 1081 21st Avenue, 
S.E., Minneapolis 14, Minnesota. 

Mr. James B. Anderson (1960-1961), HI. J. Heinz 

Company, Pittsburgh 30, Pennsylvania. 


PACKAGING, DISTRIBUTION AND STORAGE 
Rigid and non-rigid 


r. John Jackson, Div. Chairman (1960-1963), Re 
search Division, American Can Company, Res 
and Dev. Center, Barrington, Hlinois. 

Dr. M. J. Copley (1960-1962), Western Regional Re 
search Lab., U.S.D.A., 800 Buchanan Street, 
Albany 10, California. 

Dr. Edward A. Nebesky (1960-1961), Rutgers State 

University, Dept. of Food Science, New Bruns 

wick, New Jersey. 


FOOD COMPONENTS AND ADDITIVES 
Dr. John F. Mahoney, Div. Chairman (1960-1963 
Merck & Company, Rahway, New Jersey. 


Dr. R. C. Sherwood (1960-1962), Sterwin Chemicals, 
Incorporated, 1450 Broadway, New York 18, New 


York. 
Mr. R. Thiessen, Jr. (1960-1961), General Foods Cor- 
poration Research Center, Acacia Terrace, 


Orangeburg, New York. 


EX OFFICIO 

Dr. I. J. Hutchings, President IFT, H. J. Heinz Com 
pany, Pittsburgh 30, Pennsylvania. ' 

Dr. H. W. Schultz, President Elect IFT, Oregon State 
College, Corvallis, Oregon. 

Dr. Martin Peterson, Editor, 11606 South Bell Ave- 
nue, Chieago 43, Illinois. 

Dr. George Stewart, Editor (Future), University of 
California, Davis, California. 
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NEW LIFT...LONGER LIFE 
FOR YOUR PRODUCTS 
WITH FIRMENICH 


POWDERED FLAVORS 


New and improved techniques of process drying, exclusively 


employed by Firmenich, yield powdered flavors that flow 


freely, are dust free, and give you the finest precisi« in 

flavoring your products. These important developments in 

quality flavoring will improve the taste appeal of your 

products . . . extend their shelf life . give them package-to- : aa 
package uniformity that captures customer preference. Sam- 
ples of Firmenich Powdered Flavors, with technical informa- Hess aa 
tion on their practical application, on request. Dr ee 
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KLENZMATION® 


Automated 
Cleaning 


STORAGE TANKS AND 
BULK PICK-UP TANKS 


7 


Pre-Engineered ‘Package’ 


AUTOMATION SYSTEMS 


Complete aqutomation 
components ready for 
installation. Fully auto- 
matic system pre-engi- 
neered to reduce costs. 
Provides complete clean- 
ing cycles with con- 
trolled detergent and 
water usage. Automatic 
time and temperature 
Lon control. Also new i. 
Te proved Klenz-Spray units 
} bo J for cleaning bulk pick- 
up tanks and storage 
tanks. Only Klenzade 
offers this wide choice 
of selective components 
and matching systems. 


KLENZMATION TANKER WASHING 
INSTALLATION 


Most Versatile Systems Yet Devised 


Write for Illustrated Literature 


oF) KLENZADE PRODUCTS, INC. 


Systematized Sanitation ALL OVER THE NATION 


—— 
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FUTURE MEETINGS FOR FOOD 


TECHNOLOGISTS 
1960 


September 11-16 American Chemical Society’s 138th national 
meeting, New York, New York 

September 20-21 Military-Industry Conference on Freeze-Dry 
ing and other Dehydration Methods of Food 
Preservation, Sponsored by Research and 
Development Associates, Stock Yard Inn, 
Chieago, Illinois. (For information write Col. 
R. A. Isker, U.S.A. ret’d, Research and De 
velopment Associates, 1819 W. Pershing Road, 
Chicago, Ill. 

September 20-23 Pure Food Centenary, Royal Institution of 

Great Britain, London, England 

Tenth Annual Instrument Symposium and Re 

search Equipment Exhibit, National Institutes 

of Health, Bethesda, Maryland 

October 12-14 The Seventh National Symposium of the 
American Vacuum Society, Cleveland-Shera 
ton Hotel, Cleveland, Ohio 

November 12-19 Fifth Pan-American Congress of Pharmaes 
and Biochemistry, Santiago, Chile. Fo 
formation address Senor José Pérez Molin 
Secretary, Box 6084, Santiago, Chik 


October 4-7 


1961 
May 7-11 Twenty-first Annual Meeting of the Institute 
of Food Technologists, Hotel Statler, New 


York, New York 


1962 
June 10-14 Twenty-second Annual Meeting of the Institute 
of Food Technologists, Fontainebleau Hotel, 


Eden Roc Hotel, Miami Beach, Florida 
1963 
May 19-23 Twenty-third Annual Meeting of the Institute 
of Food Technologists, Pantlind Hotel, Civic 
Auditorium, Grand Rapids, Michigan 


An open invitation is extended to readers of FOOD TECHNOLOGY 
to send in to the Editorial Office, 11606 South Bell Avenue, Chicago 43 
Illinois notices of annual or national meetings of interest to food 
technologists 


REGIONAL NEWS 
INDIANA 


The Indiana Section will serve as host to the Chi 
cago Section Saturday, October 15, 1960, date of thy 
Ohio State University-Purdue football game for th 
first meeting of the 1960—61 vear. 

The following schedule has been planned : 

Tour—10:45 a.m. (CDT). Meeting Place 
Dairy Center. 

Food—11 : 30-12: 30 p.m. 
eon at the Dairy Center. 

Game—1:30p.m. O. S. UL (vs 
Ade Stadium. 


Purdu 
Barbecue chicken lune! 
Purdue at Ross 


A special executive meeting was held at Muncie at 
the summer cottage of Chairman Fred EH. Dellwo on 
June 3, 1960. An evening of fellowship was enjoyed 
by all. The evening was also one of business, cover 
ing organization and planning for the 1960-61 vear 
The following list of members will comprise the execu 
tive committee of the section for the 1960-61 vear 
Dellwo, Chairman; G. M. Clark, Chairman 
Elect; William 4. Wlinker, Secretary-Treasurer ; L. 
Rutledge, Councilor; N. R. Tarvin, Chairman ex 
officio; J. Unger, R. E. Noble and V. Walter. 
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IN THIS ISSUE- 


TECHNICAL ARTICLES IN BRIEF 


Built-in defrost 


indice ator 


Psuchrophilic bacteria 


Role of psychrophilic bacteria in frozen food spoilage. 
A. C, Peterson and M. F. Gunderson. 


Psychrophilie bacteria in frozen foods stored at defrost 
tem! eratures were studied The liberation ot potent extra 


cellular proteolytic enzymes in the growth menstruum at 


times and temperatures which migh be expected to afford 
t 


i@ product some protection was demonstrated. Develop- 
ment of off-flavors and odors in defrosted chicken pies in 
advance of the development of great numbers of psychro- 
philic bacteria was noted. A psychrophilie culture of Pseu- 
domona fuorescens with 


ls 
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marked enzymatic activities was 
ited. The proteolyti and saecharolytic activities of 
both extra- and endocellular enzymes from this microbe 
was demonstrated. Previously observed defrost effects were 
dupl cated by the addition of these enzymes to normal chick 
en pies. [It was demonstrated that once the enzymes of pss 
chrophilie bacteria are elaborated and liberated in the 
growth menstruum, lowering the temperature will slow 


their action, but not stop it. Definitely it will not remedy 


damage nlready done Ihe etore, trozen foods ean be sai 
defrost. This indicator is the 


feet of psychrophils acteria and their enzymes on the 


to have a built-in indicator 


physical eharacteristies produet. ‘e page 113). 


KRvaluation Kifect of different fats in the 


lee On Cad quality 


Functional properties and flavor of eggs laid by hens on 
diets containing different fats. Ruth Jordan, Gladys E. 
Vail, J. C. Rogler and W. J. Stadelman 


from three groups Leghorn hens on diets contain 
lifferent kinds of fat were compared with respect to 


stability of whole-egg measured by percentage of 
drainage in a one-hour 1 od, leavening power as indi 
eated by volumes of whole-egg sponge cakes, and flavor. 
Diets for the 3 group were, respectively, a stock 
ration supplemented with 1 corn oil, the same stoek ra 
tion supplemented with 10°, beef tallow, and the stock 
ration only. During the period that the 3 groups of hens 
were fed the same diet, no significant differences were found 
among foams from eggs of the 3 groups. After hens were 


on the experimental diets for 3 weeks or longer, percentage 
of drainage from the foams of the beef tallow group eg 

was significantly greater than from eggs of the corn oil 
group; after 6 weeks, foams from both beef tallow and 
stock ration groups had higher percentages of drainage 
than those from the corn oil group. Whole-egg sponge 
cakes made from eggs of the beef tallow group were signifi 
eantly smaller than similar cakes made from the other 2 
croups of eggs. Flavor tests on treshly laid eggs showed 
distinguishable differences among the 3 groups; however, 
after 3 months’ storage under refrigeration, no significant 
difference was found between eggs of the corn oil and stock 
ration groups; a highly significant difference in flavor be 
tween the beef tallow and the stock ration groups was 
found. Products made from eggs of the corn oil group 
were noticeably lighter in color than similar products from 
the other 2 groups of eggs. Inasmuch as iodine values of 


the ether extracts of egs olks from the 3 groups of hens 


were found to differ significantly, possible relationship 


between the nature of egg yolk fat and functional proper- 


ties of the ege was suggested See page $18). 


De te rmination of 
soluble solids 


The determination of soluble solids in citrus juices. I. The 
effect of non-sucrose components on refractometer values. 
W. Clifford Seott, Donald A. Morgan, and M. K. Veldhuis. 


Citrus juice s 


Effects of non-sucro omponents of citrus juices on their 
refractomete! studied. The only 
two components whose 1 ctive indices in solution have 
been compared with sucrose and reported in the literature 
are citrie acid and reducing sugars. Both have lower indices 
f refraction than su , and therefore require positive 
corrections for the refrac eter sugar scale to indicate true 
soluble solids. Other components studied had higher indices 
of refraction than sucrose. Negative corrections required 
or both amino acids and pulp are greater than positive 
orrections required equivalent coneen- 
ns Negative correct uired for citrate salts, 
ids, and pectin are ; those for ascor- 


and peel oil ai ractically negligible. (See page 


POW DERED 


CARAMEL 
COLOR 


Twitchell’s Caramel Color imparts a rich color 
to food products ranging from a light 
tan to dark brown. Leading food processors 
use this natural color. It is made entirely from 


dextrose, under controlled conditions. 


TYPICAL USES 


* Powdered Desserts * Dehydrated Soups 
* Dry Cake Mixes * Bouillon Powders 

* Powdered Coffee and other beverages 
¢ Powdered Gravy Seasonings 


| 
| 
123) 
= 
TWiITCHELL’S 
Write 
for 
Sample! 
s. TWITCHELL |. 


of things we can do 
to make it easier 
for you to put 
Myvaxr® Vitamin A 
into margarine 


and other foods. 


DISTILLATION PRODUCTS INDUSTRIES 
is a division of 


EASTMAN KODAK COMPANY 


Can we do some thinking for you? 
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Analytic method Constituents of bee} 
Determination of the proximate and electrolyte content 
of beef. Morris D. Berman. 


A convenient plan of analysis for the proximate and major 
electrolyte content of beef is deseribed. With this pro- 
cedure, the coefficient of variation for the constituents was 
as follows: moisture, 1.21%; ash, 2.94%; protein, 0.69% ; 
fat, 5.62%; chloride, 2.89%; magnesium, 2.059%; calcium, 
0.68%; zine, 3.15%; sodium, 4.219%; phosphorus, 0.92% 
potassium, 1.18%; and iron, 2.26%. Average recovery of 
various ions was: chloride, 106%; magnesium, 103% ; 
calcium, 97%; zine, 94% ; sodium, 979%; phosphorus, 99% ; 
potassium, 103%; and iron, 102%. (See page 429). 


Additives Effect of sodium chloride, citric 
acid, sucrose on canned tomatoes 


Effect of sodium chloride, citric acid, and sucrose on pH 
and palatability of canned tomatoes. Sherman Leonard, 
B. S. Luh, and Rose Marie Pangborn. 


To selected lots of California tomatoes, acidified with citric 
acid to lower the pH and to facilitate heat sterilization, 
varying amounts of sodium chloride and sucrose were 
added. Tomatoes were of 5 varieties. Three months after 
canning, the tomatoes were analyzed for pH, acidity, solu 
ble solids, drained weight, and flavor acceptability. Adding 
citrie acid effectively lowered pH but impaired palatability. 
The proper combination of citrie acid, sucrose, and sodium 
chloride improved flavor quality over untreated controls 
within each variety. Agtron E color readings decreased 
from 66 in under-ripe to 42 in canning-ripe, and to 35 in 
soft-ripe tomatoes. Average pH values increased from 4.35 
in under-ripe to 4.48 in canning-ripe, and to 4.64 in soft 
ripe fruit. Changes in pH during storage of the canned 
product for 3 months at room temperature are discussed. 
(See page 433). 


Firming ageut Calcium hydroxide added 
to canned peppers 


Use of calcium hydroxide for firming canned green and 
red sweet bell pepper. Maurice W. Hoover. 


The effect of calcium hydroxide and other caleium com 
pounds on the firmness of canned pepper was determined. 
Among the compounds evaluated were calcium hydroxide, 
caleium chloride and caleium sulfate. Effects of various 
methods of treating, duration of treatments and calcium 
concentrations on the firmness of canned pepper were 
evaluated. Influence of storage on the firmness of canned 
pepper was determined. Calcium hydroxide was very effec 
tive as a firming agent for canned pepper when applied to 
fresh pepper prior to heat processing and was the most 
effective firming agent evaluated. Good results were ob 
tained by all three of the methods used to apply the lime 
treatments. Best results were obtained in cubed pepper 
when the lime was applied at the rate of 0.2 to 0.4%, by 
weight, for approximately 30 minutes followed by a 
thorough rinse to remove the lime residue prior to blanch 
ing and heat processing. When pepper halves were treated, 
it was necessary to extend the treatment time to 2.5 hours 
or longer for optimum results. Green pepper responded 
better to firming treatments than red pepper. (See page 
437). 
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Try this texture trick 


Pour '9 cup of plain, dry farina and a teaspoonful of salt 
into 3 cups of boiling water and cook until done. To 
another ‘5 cup of the same dry farina, add 3% of My- 
verol” Distilled Monoglycerides, Type 18-07, little white 
beads closely resembling the farina itself in appearance. 
Write us for a free sample.) Pour that with its teaspoon- 
ful of salt into 3 cups of water, not boiling but at any 
temperature below 140 F. Then boil that until done 
Now set both pans aside for a few hours. Keep them 
both warm or let them both cool. It doesn’t matter. 
Come back and note which panful has turned into a 
jellylike mass and which still looks and behaves as it did 


at the moment the cooking was finished. See 1f you can 
taste a difference. ( You can't 


The difference is that the monoglyceride has complexed 


dissolved amylose and has thereby prevented gelation. 
We demon- 
strate with farina just because it photographs well! 

Write for your sample of Myverol Distilled Mono- 
elycerides, Type 18-07, to Distillation Products Industries, 
Rochester 3, N. Y. Sales offices: New York and Chicago 
e W. M. Gillies, Inc., West Coast * Charles Albert Smith 
Limited, Montreal and Toronto 


The effect works with any starchy food 


*Being made by glycerolys ible fa f ls and 
officially recognized a ife, Mywerol Dist M yoer 
s are exempt from the ! Additives Ame ent 


distillers of monoglycerides 
made from natural fats and oils 


D Also... 
A for foods and pharmaceuticals 


vitamin A in bulk 


Distillation Products Industries is « division Eastman Kodak Company 
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Call for Nominations—Food Technology Achievement Award 


The IFT Food Technology Achievement Award is given annually to recognize and honor an outstanding food 
process and or product, which represents a significant advance in the application of Food Technology to food 
production, and which has been successfully applied in actual commercial operation for at least six months but 
years prior to the date of calling for nominations. Insofar as possible, this Award shall be 
responsible for the achievement. 


not over four (4 
personalized by public recognition of the individuals(s) 
The Award will include the following: to the Company or Institution, a bronze Plaque. To the indi 
vidual(s) judged to have made major contributions to the achievement, either through basic research or develop 
ment, public recognition at the time of the presentation of the Award, and an engrossed Plaque. 
Each 
member of the Institute is urged to give serious consideration to the nomination of a product or process, not 
Jach nomination must be in letter form and inelude the 


Nominations for this Award may be made by any member of the Institute of Food Technologists 


necessarily one in which vour company is concerned. 
following : 
A. Name of Company or Institution. 


Name of Product and/or Process 

Description of Produet or Process 

Statement of reason for considering this a meritorious achievement 

Statement listing individuals chiefly responsible for the achievement 

and their individual contributions 

Statement indicating the time and extent of commercial utilization 
NOMINATIONS MUST NOT EXCEED THREE, SINGLE-SPACED, TYPEWRITTEN PAGES 
Nominations should be sent, postmarked no later than December Ist, to: 

InstTituTe OF Foop TECHNOLOGISTS 
176 W. Adams Street 


Chicago 3, Illinois 


Che rmicidal te ct Orang pee / oul 


and D limonene 


PROCTOR 
SPRAY DRYERS 


Germicidal effect of orange peel oil and p-limonene in 
water and orange juice. I. Fungicidal properties against 
yeast. 1). I. Murdock and W. E. Allen. 


Fungicidal effect of orange peel oil and p-limonene (strip- 
per oil) was determined against Zygosaccharomyces major 
in water and in single strength orange juice at 25° C. Both 
oils exhibited lethal properties in water (pH 7.0) in con 
centrations as low as 0.02%; in orange juice 0.10 Was 
required. p-limonene was more effective than orange peel 
oil in both water and orange juice. Fungicidal properties 
of these oils in orange juice adjusted to various pH levels 
were determined, Orange peel oil and p-limonene wert 
more effective at pH 6.0 and 7.0 than they were at pH 3.0 
and 4.0. Orange juice adjusted to pH 7.0 with NaOH and 
containing 0.1% p-limonene was sterile 3 hours after being 
inoculated with 1,000,000 yeast cells per ml. In juice ad 
justed to pH 3.0 with citric acid, there were LOO,000 viable 
cells per ml remaining at the end of a like period. Results 
indicate that the preservative properties of sodium ben 
zoate can be greatly enhanced by adding orange peel oi! 


are designed with your prod- cost. Our engineers will consult and p-limonene in concentrations as low as 0.02%. It 


uct and production require- 
ments in mind. Our engineers 
can custom build a Spray 
Dryer for you which will give 
years of trouble-free produc- 
tion... high production of a 
quality product at minimum 


Proctor 


with your product development 
group ... run tests on our test 
equipment . and recom- 
mend a spray drying instal- 
lation specifically designed to 
solve your particular problems. 
Write for Bulletin #442. 


PROCTOR & SCHWARTZ, INC. 
Philadelphia 20, Pa. 


appears that these oils are synergistic to sodium benzoate 
(See page 441). 


Effect of partial 
pumping of hams 


(uality study 


Effects of partial pumping on the shrinkage, rancidity 
development, and palatability of aged hams. (ieorge © 
Skelley, Jr., James D. Kemp and W. Y. Yarney. 


Sixty-four hams were divided into 8 equal groups. Fou 
groups were dry-cured, and the companion hams in 4 
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Penford 
Corn Syrup 
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PANICK & FORD, LTD. 


CEDAR RAPIDS, 18 CALIFORNIA ST... SAN FRANCISCO 11. CALIF 
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yroups were partially pumped with an 85° pickle made 
from the dry-cure mixture to 4, 6, 8, and 106% respectively, 
and were then rubbed with dry-cure mixture to allow the 
total curing ingredients to equal the dry-cured groups. All 
hams were cured for 21 days at 36-40° F (2.2-44° C). 
After smoking at a smokehouse temperature ot 100° F 
(35.6° ©), the hams were aged for 6 months at a tempera 


ture of 65° F (18.3° C) and a relative humidity of 55%. 


Hams were weighed to the nearest 0.01 pound when fresh, 
after pumping, after euring, after smoking, and at monthly 
intervals for the 6 months aging period, Fat characteristics 
of external fat were determined by iodine numbers, per 
oxide numbers, and free fatty acid content. After 6 months’ 


ring 


fatty acid content and peroxide numbers were de 
termined for seam fat. Hams were cut and observed for 
color, soundness and odor Two slices were broiled for 
palatability study, and a third was analyzed for sodium 
chloride. Shrinkage increased throughout processing and 
aging, with the greatest amount occurring during the first 
month of aging. Vumping reduced shrinkage throughout 
aging. lodine numbers were not affeeted by curing method 
Peroxide numbers and free fatty acid content increased 
during aging with no significant differenee in external fat 
due to method of curing. Free fatty acid content was 
higher, peroxide numbers were lower in seam fat of pumped 
hams. Salt content was higher in pumped hams with a 
general inerease as pumping rate increased. With the 
exception of hams pumped 40, dry-cured hams were 
sounder, showed a more desirable color, and were scored 
significantly higher by a palatability panel for saltiness, 
flavor and over-all satisfaction with no difference in ten 
derness. Hams pumped 4° were quite similar in quality to 
dry-cured hams. (See page 446). 


Introducing the NEW 
ZLEROGRAPH) 


FLAME 
IONIZATION 
DETECTOR 


Keeping Aerograph users up-to-date is one of our key 
services. Our latest step along these lines is this ultra- 
sensitive detector, which extends the useful detection 
range of the Aerograph by as much as 10,000-fold. Now 
you have the added flexibility of analyzing ultramicro 
samples with the flame detector, or large-sized samples 
with the thermoconductivity cell. It takes only a few 
minutes to change from one to the other; the flame detec- 
tor mounts in the oven as easily as mounting a column. 
Our kit design allows operation to 300° C. 


PLEASE WRITE FOR COMPLETE DATA. 


FOOD TECHNOLOGY, SEPTEMBER, 1960 


Processing me thodology Infrared used as 
blanching ade ni 


Studies on the application of infrared in food processing 
K. A. Asselbergs, W. P. Mohr, and J. G. Kemp. 


Three types of high energy, infrared radiators—quartz 
lamps, quartz tubes, and calrods—were evaluated for their 
effectiveness in blanching apple tissue. Data are presented 
which show how the depth of heat penetration was in 
fluenced by wavelength characteristics, voltage input, and 
energy output of the radiator, Infrared radiation was used 
successfully for blanching celery, apples, and peas prior to 
freezing and in the preparation of french fried potatoes. 
General quality of infrared-blanched samples was bette: 
than that of samples blanched by conventional steam or 
boiling water methods. Accompanying weight losses of up 
to 39° by weight would result in reduced freezing, storing, 
and handling costs in the case of products intended for 
later remanutacture. Infrared was substituted for the par 
boiling treatment of beef as preliminary heat treatment in 
preparing beef stew. The color, texture, and flavor of the 
infrared braised, canned meat was considered superior to 
that of par-boiled meat. (See page 449). 


Microwave vs conventional 
analysis clectru 
Comparative heating efficiencies of a microwave and a 
conventional electric oven. (ieorge A. Pollak and Louise 
C. Foin. 

The heating efficiency of microwave and conventional cook 
ing equipment in the heating of water and the roasting o! 


NOTE THE PRICE. The detector costs $450 complete, including 
battery powered high input impedance amplifier. The Aerograph 
itself is still economically-priced at $1,785 complete with Brown 
1 mv recorder. 

7 


Also, request your free subse rip- 
tion to Aerograph Research Notes INSTRUMENT & RESEARCH, INC. 


and send us your sample for free 
analysis. 


Dept. 45 P.O. Box 313 * YEllowstone 5-1469 * WALNUT CREEK, CALIFORNIA 
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FOOD TECHNOLOGY, SEPTEMBER, 1960 


beef was studied. In heating water, the over-all electrical 
efficiency was 34% for both microwave and conventional 
ovens, but the efficiency of a conventional hot plate in heat 
ing water was 63%, virtually double that of the ovens. In 
roasting 8-lb ribs of beef, the over-all electrical efficiencies 
were 36.7% for the conventional and 33.4% for the micro- 
wave oven. However, the product prepared in the con- 
ventional oven yielded 139% more edible meat using 24% 
less electrical energy. A better way of expressing the 
energy-yield relation is the energy required to prepare a 
unit weight of edible product. This was found to be 74 
BTU per ounce of yield for the conventional as compared 
to 119 BTU per ounce of yield for the microwave oven. The 
difference in energy was attributed primarily to energy 
required to evaporate a greater amount of water in micro 
wave cooking. (See page 454). 


Effect on fresh-unfrozen and on 
fres] -froze n turke y meat 


( ‘ooking rate 


Comparison of rate of cooking and doneness of fresh- 
unfrozen and frozen, defrosted turkey hens. Grayce EF. 
Goertz, Anna S. Hooper, and Dorothy L. Harrison. 


Fresh-unfrozen and fresh-frozen turkeys were roasted to 
90° C in the breast and to 95°C in the thigh. Turkeys 
roasted to 95° C in the thigh generally were more done than 
those roasted to 90° C in the breast. Total cooking time 
was longer (P<.05) for fresh-frozen turkeys roasted to 
95° C in the thigh than for fresh-frozen turkeys roasted to 
90° C in the breast. Similar results for cooking time were 
noted for fresh-unfrozen turkeys. Also, fresh-unfrozen 
and fresh-frozen turkeys and turkeys stored 1 and 3 months 
at 0 F were roasted to 95° C in the thigh. Total cooking 
time was shorter (P<.05) and volatile cooking losses lower 
(P<.05) for fresh-unfrozen turkeys than for the frozen 
turkeys. Dripping losses were lower (P<.05) and light 
meat flavor seores and dark meat tenderness scores higher 
P<.05) for turkeys stored 1 and 3 months than for the 
fresh-unfrozen or fresh-frozen turkeys. Doneness scores 
for light and dark meat were higher (P<.05) for turkeys 
stored 1 month than for those of the other turkeys; where 
as doneness scores for uncarved turkeys generally were 
similar. In addition, frozen, defrosted turkeys were roasted 
breast-up or breast-down. The thigh temperature of tur 
keys roasted breast-up increased more rapidly and cooking 
time was shorter (P<.05) for turkeys roasted breast-up 
than for those roasted breast-down. Doneness and other 
palatability scores generally were similar for all birds in 


this group. (See page 458). 


R. 1. Greenings and 


Maturity indices 
Baldwin apples 


The relationship of apple maturity to applesauce quality. 
R. L. LaBelle, R. S. Shallenberger, R. D. Way, L. R. Mat 
tick, and J. C. Moyer 


Maturity indices of R. I. Greenings and Baldwin apples 
(1957 and 1958 harvests) were evaluated. Their relation 
ship to the quality of sauce processed from these apples 
both with and without storage ripening was also investi 
gated. An applesauce pilot plant of 300 lb per hour ca 
pacity was used to process sauce from this fruit under 
precisely controlled conditions, the equipment closely simu- 
lating commercial processing. Pressure test was disearded 
as a prime index of maturity at harvest in favor of soluble 


(Continued on page 22 following Technical Section) 


FLAVOR 


puts the "YUM" 


in your product! 


® Delight the palates of 
young pirates and their 
parents by adding Flavorex 
Rum Flavor to your 
product. Great for a hearty 
accent! Exquisitely exotic 
as an extra touch of flavor! 
®@ Use Flavorex Rum Fla- 
vor in baked goods, con- 
fections, puddings, eggnog 
mixes, ice cream, and other 
foods. You'll be doubly 
rewarded these ways... 
perfect for your present 
formulas . . . helps earn 


consumers’ preference for 
your product. 

@ Flavorex Jamaica Style 
Rum is a flavor concen- 
trate of natural and syn- 
thetic esters produced in 
our own plant and blended 
by our masters of the art. 
Run a batch test. You'll 
discover that every fra- 
grant drop adds mellow 
tropical sunshine to your 
product. Write for free 
sample, or place a trial 
order today. 


Rum Flavor No. 8224...$12 per gallon 
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Let Morton help you solve 
these problems in using salt 


New <= 7 system solves these 
recurring problems in wet salt storage systems 


Brine Overflow Loss 


Haphazard Salt Measurement 

; 


Corrosion of Float Valves 


Levetrol is a liquid level control method which automatically replaces water needed 
in wet salt storage systems in proportion to salt withdrawn in brine form. @ Adaptable 
to most wet salt storage systems, Morton Levetrol protects you from salt losses due 
to brine overflow by constantly balancing the water level to the salt bed level. q Levetrol 
also eliminates the troublesome problem of corroding float valves. The simple, de- 
pendable Levetrol control system is installed on water lines located away from the 
wet salt storage. This completely avoids costly corrosion problems and assures you 
proper brine strength at all times. Levetrol enables you to have complete automation 
and consistent regeneration of your water treatment system. ee 
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Morton offers you help 
in solving problems 

in design, modification, 
installation or operation 
of brinemaking 


i 


equipment. 
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Problems of salt selection, deliv- 
ery and handling, isily 
solved by talking t 


He ca 


New Morton “Fluitron’”’ 
assembly ends 

gravel problems in 
your brinemakers. 


an exclu- 


evice which 
h brine make- 
eliminates 
rting beds 
purity Tine 


; 
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when used 
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cluded with 
ker series or 
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now avail- 
free materials— 


Mail coupon today for information on how Morton can help you solve brine make-up problems! 
end booklet or vetr ystem. jt t v Morton 
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Grape Juice Processor finds 


WAYS CUT COSTS 


j 


... thanks to 


TYGON Food and 
Beverage Hose 


Close-up of positive pump in 
main illustration shows flexi- 
bility of Tygon hose, facilitating 
fast, easy set-ups with a mini- 
mum of fittings. 


Glass-clear, flexible, non-toxic Tygon Food and vacuum and discharge sides of the pumps, 
Beverage Hose (Formulation B44-3) has re- change-over is a quick and easy process of un- 
duced costs for canners, packers and bottlers coupling Tygon lines, rolling the pump a short 
of all sizes. In addition to conventional appli- distance and re-coupling Tygon to the proper 
cations, The A. F. Murch Company, Paw Paw, fittings. Time required? Much less than with 
Michigan, processor of grape juice concentrate, rigid pipe. Added benefits: fewer pumps needed, 
has used Tygon’s unique combination of ad- and visual inspection and control of flow af- 
vantages in unusual ways to get even greater forded by Tygon’s clarity. 
savings. 

Wherever liquid or semi-liquid foods or bever- 
For example, alert Murch production men took ages are transmitted, chances are that Tygon 
advantage of Tygon’s flexibility and ease of Food and Beverage Hose, Formulation B44-3"*, 
coupling to put wheeled platforms under the can handle the job more conveniently and at 
positive pumps used to transfer juice between lower cost. 
process equipment and storage tanks. Now, *For processed milk and milk products use Formulation B 44-4. 


with Tygon Food and Beverage Hose on both 


PLASTICS AND SYNTHETICS DIVISION 


Why not investigate the advantages of using Tygon in your plant? 
Write today for free illustrated 28-page Bulletin T-100. 


AKRON 9,OHIO 
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Role of Psychrophilic Bacteria 
Frozen Food Spoilage 


Manuscript received March 3, 1960 


ATIONS of defrosted frozen 
foods and products kept at temperatures slightly 
below 32° F showed that the damage suffered by the 
products was far out of proportion to that which 
might be ascribed to the bacterial populations de 
veloped at these defrost temperatures. It was postu 
lated that the enzymes of bacteria which grow at 
temperatures below 41 were responsible for 
the damage; namely, the extensive changes in the 
physical and organoleptic characteristics of the 
foods, including rancidity, destruction of the col- 
loida! character of the gravies of chicker pies and 
similar products, and pronounced flavor and aroma 
changes. Although temperatures considered ade 
quate for the storage of frozen foods and for main 
taining them in a hard frozen condition, have progres- 
sively changed from 20° F to 10° F and down to 0° F 
this work and the continuing activity in this field are 
a recognition of the problems presented by bacteria 
growing at or near the defrost temperature of 32° F 
This study also emphasizes the necessity of keeping 
the growth of psychrophilic bacteria in check and 
takes cognizance of the possibility of enzymatic and 
nonenzymatie chemical changes not directly  de- 
pendent upon active bacterial multiplication. 

Psychrophilic bacteria, those bacteria growing well 
at refrigerator temperatures, are known to have ad 
verse effects on the storage life and quality of many 
food products, particularly dairy products (9). These 
bacteria are responsible for many undesirable changes 

unclean, sour odors and tastes, putrid and -fruity 
odors, ropiness and surface discoloration and general 
impairment of keeping quality 

United States Department of Agriculture workers 
(1) have pointed out that enzvzine reactions are going 
on at all temperatures. Cold slows them down, but 
does not stop them. Lineweaver (&) has shown that 
enzyme catalyzed reactions with low temperature co 
efficients (Qio 
ance than both organized physiological processes and 


become relatively greater in import 


nonenzymatic chemical reactions as the temperature is 
lowered, Balls and Lineweaver (3) pointed out that 
proteolytic activity proceeded in the solid state, but 
that such activity was limited by lack of fluid, which 
prevented diffusion and thus prevented new contacts 
between enzyme and substrate. They suggested that 
where the substrate was present in large masses, the 
diffusion effects were less, and enzymes would proba- 
bly show much more activity in the frozen state. Balls 


*Ivan Sorvall, Ine., Norwalk, Conn. 


Pa 


Manufactured by Selas Corporation of America, Dresher, 


A. C. Peterson and 
M. F. Gunderson 


Department of Bacteriological Re- 


earch, Campbell Soup Company, Cam- 
jer New Jersey 


and Lineweaver have shown this to be particularly 
true with insoluble protein fibers where proteolysis 
proceeds along a fiber as contrasted with soluble pro- 
teins where contact between enzyme and substrate are 
limited by the solid state. Lipase action of psy- 
chrophile microorganisms is apparently greater than 
that of the proteinases and proceeds at low tempera- 
tures and in the frozen state. The lower fats and 
unsaturated fats are not well protected from enzyme 
Weiser (12), 


however, has stated that microbial enzyme activity is 


action by lowering the temperature 


appreciably affected by low temperatures 

Prescott and Tanne 10) hay noted the selective 
action of low temperatures (between 32° F and 41° F) 
on the ordinary organisms of spoilage and on sapro- 


phytes in general. The found that organisms which 
attacked proteins did develop at those temperatures, 
whereas carbohydrate fermenters were suppressed. 
A study of microorganisms growing on frozen meats 
11) showed that the majority of organisms were 
pseudomonads that did not exactly fit Bergey’s elassi- 
fication. Similar results were reported by Berry (4) 
in a study of frozen fruits and vegetables 

The present study was undertaken to investigate 
the possibility that enzymes from psychrophilie bae- 
teria are involved in the spoilage of frozen foods at 
defrost temperatures 
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41° F for 5 days. The culture was isolated from a_ tryptone 
glucose-meat extract agar plate (TGE) after incubation for 7 
days at 41° F 
of pH 7.1 were used for the cultivation of this organism. 
Generally, the culture was grown at 41° F for 5) days. 


Tryptone-glucose-meat extract agar and broth 


The bacterial cells were recovered from the agar slants by 
washing off with 0.02 molar Sorensen’s phosphate buffer (4) 
of pH 7.4 and centrifuging the cell suspension. Similarly, the 
bacterial cells were recovered from broth by centrifugation, 
The cells were washed 5 times in phosphate buffer and the 
packed volume determined at 1500 rpm (600 x g) for 30 min 
in an International size 2, model V centrifuge. The packed 
cells were diluted 1 to 4 by volume in the same buffer. 

Extracellular proteolytic enzyines were recovered by pre 
cipitation at 85¢% saturation with ammonium sulfate overnight 
at 41° F. The precipitated enzymes were recovered by cen 
trifugation and dialyzed against a large volume of distilled 
water in the cold. The recovered enzymatie material was re 
constituted to one-half original volume with 0.02 molar phos 
phate buffer and rendered bacteria free by passage through a 
Selas filter 

Endocellular enzymes were obtained by treating the cell 
suspension in a 10 KC Raytheon Sonie Oscillator © for 50° min. 
The sonie extract was centrifuged twice at 30,000 x g for 20 
min to remove cellular debris and then rendered bacteria free 
by passage through a Selas filter. The bacterial extraet was 
stored at 32° F for periods up to 4 days before use, without 


serious loss in proteolytic activity. 


RESULTS AND DISCUSSION 


Frozen chicken ples were stored at 41° F for periods 
up to 14 days. Figure 1 presents data on the num- 
bers of bacteria per g of chicken pie gravy as a fune- 


tion of time of incubation. 


@ 


on 


FIRST DEFINITE PIES ARE DEFINITELY 
OFF FLAVOR ORGANOLEP TICALLY 
UNACCEPTABLE 


LOG OF NUMBER OF BACTERIA PER mi 
T 


FLATES INCUBATED ar F. 
7 8 9 


3 4 5 
TIME IN DAYS 

Figure 1. Bacteria counts on chicken pies incubated at 41 
(5 C). 


The first definite off-flavors and aromas began to 
appear on about the third day of storage at 41° F. 
The number of bacteria was of the order of 10,000 
per g. By the fifth to sixth days the pies were very 
definitely organoleptitcally spoiled. The bacterial 
population ranged from 100,000 to 1,000,000 microbes 


Manufactured by Raytheon Manufacturing Company, 


Waltham, Mass. 


per g. Thus, at the time spoilage became incipient, no 
great number of bacteria were present. Even at spoil 
age, the total number of bacteria per gram of chicken 
pie was still comparatively low and did not reach the 
vast numbers ordinarily associated with spoilage and 
which the extreme organoleptic changes would sug 
gest. In general, 24 hr are required for the frozen 
pie to thaw completely at 41° F. 

The proteolytic activity of water extracts of the 
gravies of these pies was also determined. Figure 


mg. TYROSINE AND TRYPTOPHANE PER mi 


2 3 
TIME IN DAYS 


Figure 2. Proteolytic activity of water extracts of the gravies. 


shows the typical data; characteristically, the curve 
had a biphasic character with a peak of maximum 
proteolytic activity at one to two days. Friedman 
Nelsen and Wood (7) obtained similar results wit! 
Bacterium linens. A second peak of proteolytic ac 
tivity occurred at 5 to 6 days. It was noted that the 
first peak of proteolytic activity occurred at a time 
when the bacterial population was only a few thousand 
bacteria per g. Apparently, potent extracellular 
proteolytic enzymes were liberated in the growth men 
struum to break down the complex proteins so that 
the bacterial cells could obtain the necessary nutri 
tional requirements. The smaller peptide units proba 
bly provided ample supplies of soluble nutrients for 
the growth of a considerable number of bacteria. 

A culture of Pseudomonas fluorescens that grew 
vigorously at low temperatures was isolated from a 
defrosted chicken pie. The culture was markedly 
proteolytic, lipolytic and saccharolytic. At 32° F the 
lag phase of the culture was only 24 hr long, and at 
50° F the lag phase was less than 8 hr. The culture 
did not grow at all at 98.6° F. Olson, Parker and 
Mueller (9) observed that the growth of psychrophiles 
in terms of numbers increased as the temperature in- 
creased at least to 71° F. 

Chicken pies were inoculated with aliquots of bac 
teria-free broth growth medium in which the culture 
of Ps. fluorescens had been grown for 120 hr at 50° F. 
Figure 3 presents photographs of these pies and a 
control pie after incubation for 3 days at 41° F fol 
lowing treatment. Four and a half ml of sterile water 
were added to the control pie. Separation of fat 
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3 DAYS 
5°C. (41°F) 


3 DAYS 
5°C. (41°F) 


3 DAYS a 3 DAYS 


5°C. (41°F) (41°F) 


Figure 3. Chicken pies inoculated with bacteria free broth 
medium in which Pseudomonas fluorescens had been grown. 


particles into discrete globules, thinning of the 
vravies, and curding of the gravies are typical symp 
toms noted in the broth treated pies 

Aliquots of the 
were added to chicken pies. The 


‘purified’? extracellular enzymes 
control ple received 
1.5 ml of sterile water. These pies were also stored at 
41° F for 3 days. Figure 4 shows photographs of thes 
pies after incubation and baking. The damaging 
effects of these enzymes quite clearly simulate those 
observed with defrosted merchandise. Normal (con 
trol) gravies have a smooth translucent character with 
no fat separation. As the amount of enzyme prepara 
tion added was increased, fat separation and the 
curdled texture became very noticeable. The charac 
teristic offensive odor of defrost and discoloration of 
vegetables occurred. The crust also became soggy and 
discolored 

In view of the apparent high activities of the extra 
cellular proteolytic enzymes from this culture of 
Ps. fluorescens, and the pronounced curding of the 
gravies accompanying the treatment of chicken pies 
with extracellular enzymes, it became desirable to 
determine if the extracellular amylolytic enzymes 
also had high activities. To determine the amylolytic 
potency of the extracellular enzymes, aliquots of the 
cell-free broth medium in which Ps. fluorescens had 
been grown were added to sterile starch gels and the 
gels then incubated at 32° F and 50° F for 5 days. 
One per cent of sterile water was added to the control. 

The extracellular amylolytic enzymes in the growth 


AND FROZEN FOOD SPOILAGE 


OiML. 
NZYME PREF 


3 DAYS 
5°C, (41°F 


3 DAYS 


5°C (41°F 


3 DAYS 
5°C. (41°F) 


3 DAYS 


5°C. (41°F) 


Figure 4. Chicken pies inoculated with (ammonium sulfate 
precipitated) exocellular enzymes from broth medium in which it 
Ps, fluorescens had been grown. 


medium were indeed potent. The control starch 


gel maintained a viscosity of 10,100 centipoises (ep) 
throughout the experiment. At the dilute concentra- 


tions of saccharolyti zymes available in the broth 
medium, a viscosity of 7,370 ep resulted with a 1% 
storage at 50°F. This 
Viscosity. At 
32° F the viscosity was 8,240 cp with a 1% imoculum 


inoculum after 5 davs’ 


amounted to 20% eduction 1n stare] 


ifter 5 days, or about an 18‘ reduction in Viscosity. 


Once saccharolytic enzymes were elaborated, low tem- 
peratures retarded but did not completely inhibit 
their liquifying action. The extreme potency of these 
enzymes is doubtless responsible for one of the most 
noticeable features of defrost pies, the thinning of 
the gravy 

Kneouraged by these manifestations of extracellu 
lar enzymatic activity on the part of this psychrophilic 
bacterium, attention was directed to the’ endocellular 
nzymes 

Figure 5 shows the photographs ot chicken ples 
after inoculation with aliquots of the sonic extract and 
storage at 34° F for 7 days. The unopened control 
and opel ed control pies were used to test the effect of 
removing the top erust of the pie, stirring the gravy, 
and replacing the top crust to parallel the treatment 
given the other pies in this experiment. The other 
‘control pie had 1.0 ce of water added to simulate the 
amount of cellular fluids added to the test pies. One 
ce of the supernatant cell washing fluid from the 


CONTROL an 
| Te \ 3 7 
| ~ 4.5 ML. | 
2 3 J 
| | 
Wy 
| 


FOOD TECHNOLOGY, SEPTEMBER, 1960 


vegetables were markedly discolored. The crusts were 
soggy, patchy and discolored. There was a distinct 
**pinking’’ of the dark meat in the bacterial extract 
treated pies. The enzyme treated pies had a marked 
defrost odor. 

Turkey gravy was inoculated with 0.10, 0.5, and 
1.0 ce of bacteria-free bacterial extract and = then 
stored at 34° F for 5 days. Figure 6 shows these 
results. The same liquefaction of the starch noted 
previously also occurred here. These spots represent 
the same quantity of gravy applied to the plate and 
the size of the spot is a reflection of viscosity. The 
viscosity of the gravy to which 0.1 ce of enzyme prepa 
ration had been added was 4,280 cp. The viscosities o! 


Figure 5. Chicken pies inoculated with cell free sonic lysates 
of Pseudomonas fluorescens incubated at 34° F (1° C). 


centrifugings in the preparation of the cell suspen- 
sions was added to a pie as a comparison between the 
action of endo- and extracellular proteolytic enzymes. 
The control pies appeared to be satisfactory, but there 
was a very slight fat separation. During the prepara- 
tion of these pies it was noted that the fat was not 
completely emulsified, and therefore that the gravy 
was not as good as usual. The pie treated with 0.10 cc 
of bacteria-free bacterial extract showed some fat 
separation and slight curdling. The pie treated with 
1.0 ee of bacterial extract had extreme fat separation 
and extreme curding of the gravy. A clear, watery or 
serous fluid also collected in pockets in the pie. The 


Figure 7. Starch gels inoculated with bacteria free soni 
lysates of Pseudomonas fluorescens. 


the gravies to which 0.5 ce and 1.0 ce of bacterial 
extract were added were 1,760 and 890 ep respectively. 
Although the gravy sample to which 0.5 ce of enzyme 
preparation was added shows greater curd formation 


than the sample receiving the larger inoculum, curd 


formation is apparently an intermediate stage in the 
destruction of the starch gel. Since the curds are 
discrete and only a few appear in the sample treated 


TURKEY Zi ; with 1.0 ce of enzyme preparation, destruction of the 

GRAVY starch gel is apparently spotty and nodules of starch 

gel disappear more slowly than general deterioration 

takes place. Note the definite ring of clear fluid at the 

~ edges of the samples inoculated with 0.1 and 0.5 ce ot 


enzyme preparation 
Figure 7 is a photograph of sterile starch gels 
eral 


Figure 6. Turkey gravy inoculated with bacteria free sonic ; : : 
of cell-free bacterial extract 


lysates of Ps. fluorescens. inoculated with 0.25% 
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and stored at 34° F and 50° F for 30 days. One is the 
enzyme inoculated test gel and C is the uninoculated 
control. After incubation at 34° F the viscosity of the 
control was that of the enzyme-treated 
starch gel was 4,900 © After ineubation at 50° F, 
viscosity of the control was 10,500 ep, whereas that of 
the enzyme-treated starch gel was 31 ep. It was 
apparent that virtually complete liquefaction of the 
starch gel resulted at 50° F and substantial liquefae- 
tion at 34° 

The endocellular enzymes have been investigated at 
10° F using these same techniques, and similar effects 
of a smaller magnitude were observed. Thus, once 
the enzymes of psychrophilie bacteria are produced 
and liberated in the product, lowering the tempera- 
ture will decrease the rate at which damage occurs to 
the product, but will not stop it. In conclusion, the 
words of the late Dr. Carl R. Fellers (6) are appropri- 
ate. ‘‘In any ease, the consuming public should have 
assurance that the freezing, storage and transporta 
tion are effective and under control and that frozen 
foods offered for sale have not been previously 
thawed.”’ 

SUMMARY 

The development of psychrophilic bacteria in frozen 
foods stored at defrost temperatures has been ob 
served. The liberation of potent extracellular pro 
teolytic enzymes in the growth menstruum at times 
and temperatures which might have been expected to 
afford the product some protection has been demon 
strated. The development of off-flavors and odors in 
lefrosted chicken pies in advanee of the development 
of great numbers of psychrophilic bacteria has been 
noted. A psychropl ilic culture of Pseudomonas fluo 
rescens With marked enzymatic activities was isolated 
The proteolytic ana saccharolytie activities of both 
extra- and endocellular enzymes from this microbe 


was demonstrated. Previously observed defrost effects 


were duplicated addition of these enzymes to 
normal chicke1 was demonstrated that once 
the enzymes of psychrophilic bacteria are elaborated 
and liberated in the growth menstruum, lowering the 
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and definitely will not remedy damage already done. 
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Functional Properties and Flavor of Eggs Laid by Hens on 
Diets Containing Different Fats ° 


(Manuscript received January 30, 1960) 


N. MEROUS REPORTS have been pub 
lished on the effect of different fats in the diet of lay- 
ing hens upon the nature of the fat in the egg volks 
Some of these have been cited in a reeent article by 
Ostrander, Jordan, Stadelman, Rogler and Vail (15) 
There is a dearth of information available, however, 
upon the effect, if any, of different fats in the hens’ 
feed upon the functional properties, such as foam 
ing characteristics, emulsifying ability, or thickening 
property, of the eves produeed., 

King, Whiteman, and Rose (72), who studied cer 
tain physical and chemical properties of eggs from 
five groups of hens on different rations, concluded 
that the chemical and physical measurements of the 
eggs and the volume and tensile strength of sponge 
cakes baked from them indicated that the different 
diets did not affect the properties of the eggs. The 
diets differed chiefly in the substitution of a certain 
percentage of sovbean oil cake meal, peanut oil cake 
meal, linseed oil cake meal, or combination of fish 
meal, meat meal and dried buttermilk for part of the 
basal feed mixture 

Reports upon the flavor of eggs in relation to fat 
in the diet have dealt chiefly with feeds containing fat 
of pronouneed flavor such as fish meal (4), cod liver 
oil (7), or diets containing linseed oil (3, &, 2.3) 

In the study herein reported, functional properties 
of eggs from hens on rations containing different fats 
were compared with respect to stability of whole-egg 
foams and to leavening power in whole-egg sponge 
cakes. In addition, some of the eggs were used in a 
taste panel study to observe possible differences in 
Havor 


EXPERIMENTAL 


Eggs. The eggs used were from the 3 groups of Leghorn 
hens, 15 hens per group, used by Ostrander and assoc ates 
to study the influenee of fat in the diets upon egg volk fat. For 
the first 8 days, all hens were fed the same stock ration given 
the flock from whieh the 45 hens were taken. After this base 
period, hens in one group were fed the stock ration suppl 
mented with 10¢, eorn oil; a second group received the stock 
ration supplemented by 1067 beef tallow; the third group was 
continued on the regular stock ciet. 

Eggs were gathered daily and each was identified with hen 
number and date of lay As soon as the eggs were brought 
from the Poultry Seience Department to the Foods and Nutri 
tion laboratory, they were placed under refrigeration. Eggs 
from the 3 groups of hens were handled alike throughout the 
investigation. 

The first 3 to 5 eggs collected from each hen during each of 
4 periods of the experiment—base week and 2, 4, and 8&8 weeks 
after the corn oil and beef tallow were incorporated into the 


feed were reserved for chemieal analyses of the egg volks 
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/; remaining eggs were available for functional or flavor 
tests, 

During the first 4-week period after the 3 groups of hens 
vere put on the different diets, eggs from each group, not used 
immediately for chemieal or functional tests, were broken out 
ind separated. Whites and yolks were blended separately, 
strained, then recombined, weighed out into small packages, 
labelled, frozen, and held in a freezer maintained at a tem 
perature of about 5° F to 0° F (—20.5°C to 18.0° C) for 
later use During the list few weeks of the study, shell eggs 
not needed for immediate tests were washed, air-dried, put in 
eartons and sprayed,” These were held for 3 months or longer 
in a refrigerator of about 27 cu ft capacity at a temperatur 
round 35° (1.7°C) in an atmosphere of high relatiy 
humidity, 

Unless otherwise stated, data obtained on each egg used i 
the tests on functional properties included weight of shell egg 
albumen height, weight of white and weight of yolk. Since 
white and yolk were separated by use of a small household-typ: 
separator, the weights reeorded represented the respective 
mounts of yolks and whites as obtained in practical use. The 
white-yolk ratio of each egg was ecaleulated by dividing weight 
of white by that of the yolk. 

Stability of whole-egg foams. Purpose of this phase of the 
study was to compare the stability of whole-egg foams mack 
from eggs laid by the 3 groups of hens and to determine 
whether from such a test the performance of eggs in sponge 
cakes might be reliably predicted, 

Exeept in the first 3 of the 6 series, 48 g of egg magma wer 
put into a weighed, pint-size plastic cup with slightly rounded 
bottom, brought to a temperature of 25° C, then whipped for 5 
min at Speed 10 (highest speed) by a Hamilton-Beach house 
hold-size eleetrie mixer. Weight of the foam in the eup after 
the beater was removed was recorded. The eup of foam was 
covered with a wateh-glass and allowed to stand at room tem 
perature for 60 min, At the end of that period, the liquid which 
had separated was carefully poured into a weighed graduated 
eylinder and its weight and volume recorded. The pereentag 
or drainage was ecaleulated from weight of the foam and 
weight of the drained liquid. Six series of tests were mad 

Series 1. Individual eggs were used as they came from the 
shell. These eggs were laid during the base week and 3 days 
of the first week after the feeding of the corn oil and beef tal 
low supplemented diets was begun. Weights of the broken-out 
and the white-yolk ratio for each egg were examined for any 
relationship of these factors to percentage of drainage. 

Series 2. Individual eggs laid during the same period as those 
in Series 1 were used. Sinee, throughout the study, the effect 
of yolk differences upon funetional properties of the eggs was 
of concern, whites of all eggs used in each replication of this 


eggs varied from 45.5 to 62.9 g. Data on the albumen height 


ys 


series were blended. Each yolk was weighed separately into a 
cup and to it was added a portion of the blended whites so that 
the ratio of white to yolk was 30 to 18 (or 1.66). 

Series 3. Eggs laid after the hens had been on the special 
iets for 3 weeks were treated as in Series 2 

Series 4. These eggs were laid during the 4th week after the 
hens had been fed the special rations. In each replication, 


The egg washing solution was a ‘‘Chore-Time Formula 

* solution; the spray was ‘‘Sta-Good Egg Spray.’’ 

The ‘‘average’’ egg used in experimental cookery is con 
ilered to consist of 30 grams of white and 18 g of yolk (14); 


henee, this ratio was used. 
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with a 


When broken out, ench egg " comparing it 
US.D.A. ehart inst f mensuring its albumen height. 
The eggs we hen prey s deseribed for Series 4. Sam 
ples from the sume egy ere used for making sponge cakes 
n Cake Ser e 1 

Series 6. Eggs for th ries were laid between the 7th week 
of tl pene liets and the close of the experiment. They were 
hele ret rerutiol er ed under the seetion on eggs 
Sinee th ] ind voll if these stored eggs were not readily 
separate nsepurate eggs from each group were blended 
ind 48-g portions us tl bility of foam tests 

Sponge cakes. Sn nge cakes, one-egg size (that is, 48 g 
whole egg magn ! made according to propor 
tions ane method t etor u previous studies in 
tl laboratory rl cing is done i i constant 
te perat ‘ ool wits Aid Model (' eleetrie mixer 
Bight = of batter ghed int i baking pan with 
slight ping es t top 6% by \% in and 2% in 
The tf ! lined witl i piece of light 

rhit num fo | tter was baked for 18 min in a 
‘ etrie ¢ ! or 176° Upon re 

\ m the ¢ ! ! inverted on rack, cooled, 
nd ti seed displacement im a 
olumete Nation ng Companys Cukes were 
then t n the genern ppenranee 

There ré serie of « es, 1 le s follows 

Cake Series I tl s akes were made from 

shils tl groups of hens The same 
I iby ‘ ‘ fro i gr p of egg su le on any one 

king, ! tl xing is randomized, Eggs 
rt period in whieh these cakes 

| he replientions Cakes in 

tl " e from portions of the same eggs used for 
Si te ft foams Methods of prepa 
ration } yy erile under Se s 5, Stability 
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Cake Series 3. Thes kes were made from frozen eggs which 
had been stored in the freezer for 8 months or longer. The eggs 
had been laid during th st eeks ¢ he experiment, Sam 
ples used were from composites of olks and whites in the 
proportion of 30 g white to 18 g volk 


Flavor tests. Eggs used for flavor tests were taken from those 


id after the hens had bee n the diets 8 weeks or longer. A 
composite sample of broker it eggs ( ch group of hens 

crumble Samples ke glass beakers In a 
vater-bath, stirred th g 3s ods during cooking, i nd cooled 
to roo temperatur for ng. S es ¢ presented in 
pairs to the six-member taste pan | sumple of eggs from 
her m the regu toc} ered ‘*standard’’ 
samples from groups fed «¢ ol eet tallow were com 
pared with the standar \ tasting s done in the taste 
panel iboratoryv: enel hoot eg pped with color filters 
to eliminate differences f go s es 

wo series of fl or tests re enry out Freshly laid eggs 
vere used for one senes yr tl eco! yg the same 
hens but which had been hek n refrigerator storage for 3 
months were sed 

Observations on color \ differences in color of the egg 

iiks, the foams, the eake batters and baked cakes, and of the 
scrambled eggs used the flavor tests ere noted, but ne 
ol ‘ ve | lor mens 

Statistical analyses of data. Analyses iance and F-tests 


t 


vere made on the the peres ge oO lrainage in 


the stabilitw of foam ts nh othe olumes of the 
nge enkes For test ng lillerences among 
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TABLE 2 


Average volumes of sponge cakes made with eggs from three groups of hens on diets differing in fat content: stock ration plus 10% 
corn oil (A); stock ration plus 10% beef tallow (B); stock ration only (C) 


treatment of eggs 


} months or longer* 


per 80 ¢g batter 
not significant 


expressed 
e of diffe 

Eggs laid during 6t 7th 
white- yolk 


‘Eggs laid 


* significant at 5 


ratio oO: 18 were 


ifter hens had been on special diets 8 weeks; 


with 
group was imited 
1 Series 3 were 


Number of cakes represented in the averages: 58 for A, 


months 


of white to yolk, no significant correlation was found 
between percentage of drainage and white-yolk ratio 


percentage of drainage and albumen 
height of the eggs. (The white-yolk ratios for the indi- 
vidual eggs ranged from 1,54 to 2.12, and the albumen 
heights from 4.6 to 9.0. 

In Series 3 and Series 4, the average percentage of 
drainage of foams from the group of eggs from hens 
on the beef tallow diet was significantly greater than 
that of the corn oil group. In Series 5 and Series 6 
there was also a highly significant difference between 
the of the oil and the stock ration 
groups as well as between the corn oil and beef tallow 
Although in every series except Series 1, the 


or between 


averages corn 
groups 
average percentage of drainage of foams of the beef 
tallow group was higher than that of the stock ration 
the did reach a_ statistically 
significant level. Eggs used in Series 5 and Series 6 
were laid after the hens had been on the experimental 
diets 6 weeks or longer. Since the chemical analyses 
(15) of yolks of the eggs laid during this period indi- 
cated a significant difference among the iodine values 
of the ether extracts of the yolks of the 3 groups of 
there might be some relation between egg volk 


groups, difference not 


eves 
fat and percentage of drainage from foams. 

As the experiment progressed, egg yolks of the corn 
oil group, and, consequently the foams, became much 
lighter yellow than corresponding and 
from the beef tallow and stock ration groups. 

Sponge cakes. Averages of the volumes of cakes of 
Series 1, made from eggs laid by the 3 groups of hens, 
are shown in Table 2. The difference the 
volume averages of cakes from the corn oil and the 


eggs foams 


between 


stock ration groups was not statistically significant, 
but 
vroup differed from that of both the other groups of 
cakes at the 1% of signifieance. Cakes 
from eggs from the beef tallow fed hens were con- 


the average volume of cakes of the beef tallow 


level made 
sistently smaller in volume. 
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composite of yolks combined with composite of corresponding whites 


rage 


for A, 35 for B, 56 for C. The number of 


represented in averages: 17 


eggs had been in frozen storage for about & 


41 for C 


scores nor of white-yolk ratios were significantly dif 
ferent. Hence, any characteristics of the eggs in the 
3 groups associated with their scores or with their 
original white-yolk ratios do not offer a_ sufficient 
explanation for the differences observed in the cake 
volumes. 

The coefficient of rake 


and percentage of drainage from foams of samples of 


correlation between volume 
the same eggs that were used in the cakes was —0.67 
Although this r-value was statistically highly signifi 
cant, it is not high enough to predict cake volume that 
may be expected in individual cases, 

volumes of eakes baked from held 
for 6 months or longer (Cake 
Although for 
each group these averages were somewhat greater than 
the relationship 


rer 
CERES 


Average 
under refrigeration 


Series 2) are also presented in Table 2. 
corresponding means for Series 1, 
among the 3 groups was essentially the same. 

Cakes in Series 3 were baked from frozen eggs. In 
this series the difference in average volumes of cakes 
from the corn oil and beef tallow groups was signifi 
cant at the 1% level; other differences were significant 
at the 5% level. It should be noted that the eggs used 
in these eakes were laid when the hens had been on 
the special diets only a short time. 

All of the cakes were of good quality even though 
There was a marked 
crumb color of cakes from the 3 
groups of cakes from the corn oil group were 
much lighter yellow. This difference 
marked in cakes made from eggs laid after the feed 
ing of the experimental diets had been underway more 
than 6 weeks. The crumb of cakes made from eggs of 
the beef tallow group laid in the later weeks of the 
experiment was somewhat lighter in color than that of 


they differed in some respects. 
the 


eggs ; 


difference in 


became more 


the stock ration group for the same period. Crusts of 
cakes of the corn oil group differed in both texture 
and color from those of cakes from the two other 
groups. 

In all 3 sets of cakes, 
of the beef tallow group was significantly smaller 
than that of either of the other groups; the reason is 
not readily apparent. In each series of bakings, and 
in each series of foam tests, eggs from each of the 3 
groups were comparable in age and had received the 


treatment. The higher percentage of drainage 
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FUNCTIONAL PROPERTIES, FLAVOR OF 


from foams of the beef tallow group indicated a ten- 
de icy to less stability even though they did not differ 
to a statistically significant degree from foams of eves 
from hens on the stock ration. Foams of the corn oil 
group had the lowest average percentage of drainage, 
but cake volumes were not always the highest. It 
might seem that there is an optimum degree of foam 
stability conducive to larger cake volume. Pyke and 
Johnson (17), who compared rate of drainage ot 
whole-egg-sugar meringues with sponge cake volumes, 
implied that a moderately stable meringue produced 
a cake of better volume than a more slowly draining 
meringue. However, these workers did not state how 
a somewhat more rapidly draining foam would affect 
the stability of the eake batter and the ultimate 
volume of the baked cake 

Whether or not there is some relationship of foam 
drainage and sponge cake volume to the degree of 
saturation of the fatty acids in egg yolk can only be 
surmised. The average iodine value for the ether 
extracts of the eggs from the hens on the stock ration 
after 8 weeks was 76; for the group fed the corn oil 
supplemented diet it was 82; and for the group fed 
the beef tallow supplemented diet it was 72 (15). The 
appreciable difference between iodine values of the 
ether extracts of egg yolks from the corn oil and beef 
tallow groups suggests a possible relation between the 
nature of the lipids of the eggs and their functional 
properties On the other hand, despite a considerable 
difference between iodine values of the ether extract 
of eggs from the corn oil and stock ration groups, the 
volumes of cakes made from the eggs of these 2 groups 
differed but slightly 
centage of drainage of the foams of these 2 groups 


The differenee between the per- 


was not as great as that between the corn oil and beef 
tallow groups. Perhaps differences in only certain 


lipids of the egg are involved in differences in fune 
tional properties 

Farrand (6) has suggested that the stability of egg 
sugar foams, such as are used in making sponge cakes, 
is related to the size distribution of the bubbles. The 
possible influence of the nature of the lipids of the 
egg volk upon the number and size of air cells and 
upon foam stability when whole egg is whipped under 
given conditions merits detailed study 

As far as the authors are aware, in no reported 
studies on sponge cakes made with fresh eggs has 
consideration been given to the possible relation of 
the composition or condition of egg yolk fat to the 
stability of the egg foam ; however, Joslin and Proetor 
(11) have attributed lack of foam volume in whipping 
tests with reconstituted whole egg powders to break- 
down during dehydration of the natural fat emulsions 
of fresh whole eggs (with the consequent formation 
of a surface of free oil), and the failure of the original 
emulsion to re-form upon rehydration of the powder. 

Since it is well established that the fatty acid com- 
position of the phospholipids of egg volk (18, 19, 23), 
as well as the lipids as a whole, can be affected by the 
diet of the hen, it follows that all egg yolks are not 
identical with respect to the nature of their fat. The 
presence of considerable amounts of phospholipids and 
lipoproteins in egg yolk (7, 9) and the effectiveness of 


EGGS AS AFFECTED BY FATS IN THE DIE’ 42] 


certain of these for such functions as emulsifiers (20) 
suggest a relationship between the nature of the egg 
yolk lipids and various functional properties of the 
egg. Such a possibility would seem to merit future 
investigation. 

Flavor tests. Results of the flavor tests are shown 
in Table 3. In the tests for the freshly laid eggs the 


TABLE 3 


Results of flavor tests by taste-panel, using a 
two-sample procedure 
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taste panel could distinguish between the corn oil and 
stock ration groups; when the eggs of the beef tallow 


group were compare d with the stock ration group, the 
panel had a higher percentage of *‘wrong’’ answers 
having mistaken the eggs of the beef 


than ‘‘right”’ 
samples. This might 


tallow group for the standard’’ 
indicate that there was a distinguishable difference 
but that some quality other than flavor influenced the 
judging 

After the eggs had been stored in a refrigerator for 


3 months, the panel found no significant difference 


between the corn oil and stock ration groups, but a 
highly significant difference between the beef tallow 


and stock ration groups. Evidently there was no 


marked off-flavor, such as rancid flavor. Comments 
of the judges were repeatedly to the effect that they 
really could tell no difference, but assumed that one 
was the ‘‘standard’’ 

Samples of the corn oil group were so much lighter 
yellow in color than those from either of the other 
vroups that it was necessary to use a colored light in 
order to mask the color of the samples presented to the 
taste panel 

Color of products. 


foams, as well as scrambled eggs made with eggs from 


\s was pointed out, the cakes, 


the corn oil group were much lighter in color than 


similar products made from eggs of beef tallow and 


stock ration er Ups Just what factors contributed to 
this difference in intensity of color in the egg yolk 
pigments are not known. It has been established that 
xanthophylls in the diet are important in the pigmen- 
tation of body fat and skin of chickens and in the egg 
volk of laying hens (16 In a recent report on fae- 
tors that probably influence pigmentation in broilers 
and presumably, also, in egg yolk) Williams, Davies, 
and Couch (24) stated that added fat in the diet led 
to the consumption of somewhat less total feed, hence 
They also reported that diets 


containing a high percentage of corn oil, soybean oil, 


of less xanthophylls 


or cottonseed oil, depressed pigmentation to a greater 


a 
BE 
a 
> 
(CCC 
| 
| 
q 
ait 
al 
Pad, 
: | 


FOOD TECHNOLOGY, SEPTEMBER, 1960 


extent than diets having 
animal fat. Another factor suggested by these workers 
that possibly affected deposition of xanthophylls was 
the degree of unsaturation of a particular fat. Their 
data also indicated that increase in the percentage of 
free fatty acids in a given fat in the diet led to reduce- 
tion of pigmentation. 

Perhaps some of these factors suggested by Wil- 
liams and associates (24) were responsible for the less 
intense pigmentation of the yolks of the hens receiving 
the corn oil supplemented diet. 


SUMMARY 

Eggs from three groups of Leghorn hens on diets 
containing different kinds of fat were compared with 
respect to stability of whole-egg foams as measured 
by the percentage of drainage in a one-hour period, 
with regard to leavening power as indicated by the 
volumes of whole-egg sponge cakes, and with respect 
to flavor. The diets for the three groups of hens were, 
respectively, a stock ration supplemented with 10° 
corn oil, the same stock ration supplemented with 
10‘% beef tallow, and the stock ration only. 

Under the conditions of this study the results ob- 
tained were as follows: 

During the period that the three groups of hens 
were fed the same diet, no significant differences were 
found among the foams from the eggs of the three 
groups. After the hens were on the experimental diets 
for 3 weeks or longer, the percentage of drainage from 
the foams of eggs of the beef tallow group was signifi- 
cantly greater than that from. the eggs of the corn oil 
group; and, after 6 weeks, foams from both the beef 
tallow and stock ration groups had higher percentages 
of drainage than those from the corn oil group. 

Whole-egg sponge cakes made from the eggs of the 
beef tallow were significantly smaller than 
similar cakes made from the other two groups of eggs. 


group 


Flavor tests on freshly laid eggs showed distinguish 
differences three 
after 3 months storage under refrigeration, no signifi- 


able among the groups; however, 


cant difference was found between eggs of the corn 
oil and stock ration groups, but there was a highly 
significant difference in flavor between the beef tallow 
and the stock ration groups. 

Products made from eggs of the corn oil group were 


noticeably lighter in color than similar products from 
the ot her two groups of evgs. 


Inasmuch as the iodine values of the ether extracts 
of the egg yolks from the three groups of hens were 
found to differ significantly, the possibility of a rela 
tionship between the nature of the fat of the egg yolk 
and the functional properties of the egg was suggested. 
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The Determination of Soluble Solids in Citrus Juices. |. 


The Effect of Non-sucrose Components on 


Refractometer Values 


Im GENERAL PURPOSE of this 


study is to develop improvements in the accuracy of 
refractometric and densimetric methods for the de 
termination of true soluble solids in citrus juice 
products. Current methods of use of the refractometer 
and the Brix hydrometer with single strength juices 
produce results in fair agreement with each other, but 
neither has been satisfactorily correlated with true 
soluble solids contents of the juices. The graduated 
scales of both instruments were developed from pure 
sucrose solutions in water, and have been adopted by 
the citrus industry without allowing for the effects 
of non-sucrose components of the juices, other than 
the effect of citric acid upon refractive index. Ma- 
turity standards and quality grades for single 
strength juices have been set up with ‘‘solids’’ con 
tents based on Brix hydrometer values, giving legal 
status to the method 

Since coneentrated juices are too viscous for the 
determination of density with hydrometers, the re 
fractometer has become practically the sole instru 
ment for determining the ‘‘solids’’ coneentration in 


such products. Grades and standards have been 


adopted by various regulatory agencies, with ‘‘solids’’ 
eontent based on refractometer sugar seale values 
corrected for acid, the only non-suecrose com 
ponent for which adequate information was available 
The refractometer has been useful for the purpose of 
adjusting concentration and for judging compliance 
of products with such standards, but not when used 
‘or determining their true soluble solids contents 
for the instrument to serve successfully for the lat 
ter purpose, allowance must be made for non-sucrose 
components other than citrie acid 

The first part of these investigations, reported here, 
s concerned with the study of the magnitude of the 
effects on refractometer sugar values of each of the 
najor components of citrus juices and the develop 
ment of corrections for them. In a second paper, cor 
rections will be applied to refractometer values of a 
series of citrus juice concentrates whose compositions 
have been determined by analyses, and corrected 
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values will be compared to soluble solids as deter- 
mined by vacuum drving 


LITERATURE ON THE REFRACTOMETRY OF 
MATERIALS FOUND IN CITRUS 


Sucrose. The refractometer has served many years 
as the classical instrument for the estimation of solu- 
ble solids in solutions containing sucrose as the 
principal solute. Accuracy and precision of the 
refractometric method for determining soluble solids 
have been the subject of intensive study. Browne and 
Zerban (2) indicate that differences in refractive 
indices at 20° C 10 sucrose solutions, as reported 
by six reputable investigators, amount to as much as 
$f units in the 4th decimal place, which is roughly 
equivalent to 0.2% sugar 

Charles and Meads ’ ¢ pure sucrose solu- 
tions with ntmost sample vari- 
ables, compared the precision and accuracy of two 


and 


refractometers, the Bausch and Lomb Precision 
the Zeiss." The data indicated that read ngs of pure 
sugar solutions can be repeated with the Precision 
refractometer within an error of about 0.03% solids, 
while with the Zeiss refractometer the error is about 


as great. They reported that each instrument 
was accurate to within 0.5% solids at sugar coneen 
trations up to 70‘7 solids 

Reducing sugars. Analyses reported by Chatfield 
and MeLaughlin . Roberts and Gaddum (16), Wid 
dowson and MeCane 22), Curl and Veldhuis (6), 
and MeCready, Walter, and Maclay (13) 


of no appreciable quantities 


indicate the 
presence in orange juice 
of sugars other than sucrose, glucose, and fructose. 
Curl and Veldhuis found that the ratio of sucrose to 
reducing sugars did not change significantly during 
storage for a vear at 40 K 

In 1931 Maeara (117 


vert sugar, glucose, and citric acid which were de- 


published corrections for in 


signed to convert refractometer values of Jams to true 
soluble solids Tables of the refractive indices of 
fructose solutions were published in 1932 by Jackson 
and Mathews (2, 9). A similar table published in the 
1955 Official Methods o without credit 
f ig from the above 


or its source, presents values difi 


by as much as .00003 units, equivalent to about 0.038% 
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sugar. Tables of the refractive indices of glucose and 
invert sugar were published in 1944 by Zerban and 
Martin (23), and reproduced in the 1955 Official 
Methods of Analysis (1). The refractive indices of glu- 
cose solutions were slightly lower than those of sucrose 
solutions of equivalent concentration, while those of 
fructose solutions were still lower. The refractive 
indices of invert sugar solutions (equimolar glucose 
and fructose) were lower than the average for glucose 
and fructose. Corrections must be added to refrac- 
tometer sugar scale values for these sugars to indicate 
true soluble solids. 

Citric acid. Citric acid has an index of refraction 
considerably different from that of sucrose. Corree- 
tions published by Macara (17) in 1931 have already 
been mentioned. In 1932 MeRoberts (14) published 
corrections for citric and tartaric acids in fruit 
juices. In 1939 Stevens and Baier (17) published 
comprehensive data on density and refractive index 
of citric acid in aqueous solution. They made up a 
series of solutions of citric acid of known concentra- 
tions and experimentally determined their densities 
and refractive indices. They found the hydrometer 
Brix of the solutions to be higher, and the solids by 
refractometer to be lower than true dissolved solids. 
By plotting results they developed curves from which 
were derived tables of corrections to be added to 
refractometer sugar scale values to give both true dis 
solved solids and equivalent hydrometer Brix values 
The table for correcting refractometer readings to 
degrees Brix is currently used throughout the citrus 
industry. 

Mineral and amino compounds. The effect of min 
eral and amino components on the refractometric 
estimation of dissolved solids was investigated by 
Stanek in 1909 (78). He presented refractometer 
sugar seale values for 5, 10, and 25% water solutions 
of betaine, and sodium and potassium glutaminates 
sic), formates, acetates, and lactates. Values for the 
amino compounds were higher than true dissolved 
solids, while values for the other salts were. lower. 
Since the differences between true and refractometric 
solids as caleulated to 100° dry substance varied for 
low and high concentration of the same non-sugar., 
Stanek hypothesized that on dilution there occurred, 
in addition to contraction, other physical changes 
such as dissociation, formation of hydrates, ete., which 
affected the refractive index. 

Pulp (insoluble solids). The effect of pulp on re- 
fractometer values of fruit products has apparently 
not been the object of intensive study. Macara (11) 
treated it as only an insoluble diluent of jams 
Stevens and Baier (17) remarked that insoluble solids 
were important, but reported no study of its effect 
on refractometer values. The National Canner’s As- 
sociation Manual for the Canning Industry (20) 
states that pulp in tomato paste does not affect the 
refractive index except to make the dividing line less 
distinct. 

Peel oil. Refractive index is one of the characteris- 
ties commonly used to describe citrus oils. No refer- 
ence has been found in the literature, however, on the 


effect of oil dissolved in fruit juices in the very low 
amounts found in citrus juice products. 

Pectin. Kertesz (1/0) reported that the few values 
of refractive indives of commercial pectin extracts 
that had been published were of little value, as most 
of the extracts studied contained from 50 to 95% of 
solids other than pectic materials. 


Flavonoids and ascorbic acid. No literature refer 
ences have been found concerning the refractive 
indices of these components of citrus juices. 


EXPERIMENTAL METHODS 


Refractometer values. The instrument used in these studies 
was a Bausch and Lomb Precision refractometer “ with refrac 
tive index range of 1.20 to 1.51. The seale is of the arbitrary 
equi-division type, with vernier seale attached to the alidade 
Seale readings are converted to refractive indices and/or per 
eent sugar by use of tables accompanying the instrument. 
‘lemperature of the prisms was controlled by circulating water 
maintained at 20 + 0.05° C. Temperature of the room did not 
exceed instrument temperature by more than 5° C. The 
feaetometer was calibrated at about 35.7° Brix with 2,24 
trimethylpentane and at about 51.5° Brix with methyleyelo 
hexane, both certified by the National Bureau of Standards 
These two solvents and double distilled water agreed to within 
one unit in the fifth decimal place. Calibration was effected by 
setting the crosshairs on the shadow line of trimethylpentan 

With elear test solutions and single strength juices, the 
shadow line is quite sharp. With concentrated sugar solutions, 
however, the shadow line becomes less distinet, and care must 
he used by the operator in setting the crosshairs at the proper 
point in the hazy shadow area. When coneentrated citrus 
juices containing appreciable amounts of pulp are used, the 
shadow line beeomes inereasing|y indistinet in direet propor 
tion to the concentration. In order to avoid bias in setting the 
crosshairs, the practice was adopted of bringing the crosshairs 
into position alternately from each side with a minimum 
readings per sample. 

It was found that with highly viscous concentrates best reso 
lutions of the shadow line could be obtained by flowing the 
sample into the space between prisms by slight pumping action 
of the movable prism. Application of sample to the prisms with 
u rubber policeman, as is sometimes praeticed with other 
refractometers, was not successful, 

Minerals. The effect of the mineral content of juices on rv 
fraetive index was studied by preparing solutions of potassium, 
magnesium, and eaicium citrates and taking their refractive 
indices at various concentrations. According to data published 
Ly the Wisconsin Alumni Researeh Foundation in 1956 
potassium, magnesium and calcium oceur in whole reconstitut 
orange concentrate at an average concentration of 187, 10.4, 
and 9.2 mg/100 g respectively. These proportions are of the 
seme order of magnitude as those reported by a number of 
other investigators. If these minerals oceur in the juices as 
citrates, the respective proportions of each metallic citrate can 
Le calculated to be about 83 parts potassium citrate, 11 parts 
magnesium citrate, and 6 parts caleium citrate. The applicabil 
ity of these calculations is supported by the analyses of orange 
jJwees, to be reported in another paper, in which the average 
potassium in the ash of 35 samples differed by less than 
from the above proportion. Twenty-seven solutions containing 
these salts in approximately the above proportions and in con 
centrations ranging from 0.5 to 1067 total salts were tested 
vith the refractometer. Differences between actual solids con 
tents and refractometer sugar seale values were plotted against 
actual solids contents to give a correction curve. 

Amino compounds. Corrections for soluble nitrogenous com 
ponents to be applied to refractometer sugar scale readings 
were studied by preparing a solution of amino acids in the 
proportions in which they were reported to oecur in fresh 
Valencia orange juice by Underwood and Rockland (21). The 
solution contained amine compounds in the proportions shown 
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STARCHES and SYRUPS 


Keep your product in her cart 
...week after week 


Corn starches and syrups are time-tested, nourishing, consistency control) + Sugar Crystalization control 


economical carbohydrates. They’ve long been used * Coatings—Glazes 

and accepted as foods and food ingredients. They Set baling, 
meats, mustard, salad dressing, custards, pudding, 

may be the answer to problems you have resulting canned soups, etc. 

CORN SYRUPS are used in mixed syrups, infant foods, 

preserves, jams, jellies, baked beans, sausage and cured 

meats, frozen and canned fruits, frozen deserts and 


from recent legislation regarding foods because: 
In addition to being time-tested, nourishing, economi 


cal carbohydrates, corn starches and syrups can pro- CORN SYRUP SOLIDS are widely used in ice cream, 
vide valuable functional properties as: baked goods, frozen fruits, dry food mixes, jams, jellies, 
table ready and canned meats, to mention just a few. 

¢ Stabilizers + Emulsifiers - Binders - Humectants Whatever you may be processing OK BRAND corn 
+ Bland sweeteners + Texturizers + Preservatives syrups or starches will help you keep your product 


(of natural body and color) + Thickeners (for in her cart week after week. 


Call the Man from Hubinger wa > THE HUBINGER COMPANY 
...his service is freely avail- tawn 


able. Write, wire or phone ‘ Py. 
today. et ee NEW YORK + CHICAGO + LOS ANGELES + BOSTON + CHARLOTTE + PHILADELPHIA 


| q 
You can depend on HUBINGER...fast shipment by rail...prompt delivery by truck A 
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GELATIN SATISFIES 
MANY REQUIREMENTS 


Swift’s Gelatins are versatile. Use them as 
jelling agents, protective colloids, emulsifying 
agents, clarifying agents, settling agents, floccu- 
lating agents, high protein food, binders, coat 
ings or stabilizers. 


Swift’s Gelatins are specialized. You have 
a wide choice of especially made gelatins from 
which to select those that will best fit your needs. 


Swift’s Gelatins are uniform from batch to 
batch ‘season to season. And each lot is tested 
before shipment. 


Swift’s Gelatins are economical to use be- 
cause they are characteristically high in strength. 
Less is needed for most jobs. 


Why not investigate the many ways that gela 
tin, the food protein, can help your product and 
boost its sales appeal. Write for details. 


SWIFT & COMPANY 
GELATIN DEPARTMENT 
1215 Harrison Avenue ¢ Kearny, New Jersey 
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SOLUBLE SOLIDS 


Glutamic ae 

Glutamine 

Alanine 

Asparagine 

7y-Aminobutyric ‘ 0.45 
Serine 0.45 
Aspartic ac 0.45 
Proline 0.60 
Arginine 0.60 
Water to m > 


This solution was diluted with water 1, 3, and 6% solids, 
and with sucrose syrup to 1.5 and 2.5% amino acid content, 
and tested with the refractometer. Differences between known 
lids and refractomete igar seale values were plotted against 
the solids content, and a correction curve drawn. 

Pulp (insoluble solids). The effect of pulp was studied. by 
taking the refractometer sugar seale values of whole singl 
strength juices, centrifuging, and taking the refractometer 
value of the supernatants, In other studies pulp was reeovered 
by passing whole orange juice through supercentrifuge 
equipped with a elarifier bowl. Different weights of pulp were 
dded to sucrose syrups of known composition, and allowed t« 
equilibrate at least as r as overnight. Meanwhile some of 
the recovered pulp was analyzed for moisture by vacuum dry 
ing, and the elarified juice tested for solids by the refractome 
ter. Having knowledge of the eomposition of the juice with 
which the pulp was wet, and moisture content of the pulp, the 
mounts of soluble solids nd water added to the syrup along 
with the pulp could be caleulated. A typical calculation of the 
oluble solids content of a mixture of 8.00 g pulp containing 
SU%> moisture (pulp wet with juice containing 10% soluble 


solids) and 105.00 g 40% sucrose syrup is as follows: 


Moisture content 


80% of 6.40 g 
Moisture eontent 


600% of 105 63.00 g 


Total moisture 1 mixture 69.40 g 61.416% 
Soluble solids in juice of pulp 
10/§ 6.40 
Soluble solids content of syrup 
10% of 105 12.00 g 


Total soluble solids 
in mixture 42.71¢g 
Dry pulp content of mixture 
8.00-6.40-0.71 0.89 g 


Grand Total 113.00 g (100.00% 


comparing calculated soluble solids contents of pulp and 


svyrup mixture with their refractometer sugar seale values 
eorrections for the effeet of pulp were obtained. 

In further studies, pulp was recovered by centrifugation and 
washed with water; pulp was recovered by precipitation with 
aleohol, washed with acetone and dried; and pulp was re 
covered by centrifugation from juice of oranges damaged by 
freezing while still on the tree and from reconstituted frozen 
orange concentrate In each instance, the pulp was added tc 
sucrose syrups and changes in refractometer values noted over 
u period of several days 

Peel oil. Since citrus peel oils are very slightly soluble and 
consequently difficult to disperse uniformly in water, concer 
trated orange juiee fresh from the evaporator, and conse 
low in oil content, was selected as the medium 


studying the effeet of oil on refractometer values. Cold pressed 


orange oil was dispersed in the concentrate in amounts up te 


0.5% by weight, which is about 10 times the amount con 
sidered optimum by most produeers. Inereases of sugar seal 
values above caleulated soluble solids content were plotted 
against added oil. 
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Pectin. Commercial pectin was purified by dispersing in 


t 


er, precipitating ( ] iditied cohol, washing free 


of acid, and redispersing rogalacturonic acid 


AGA) content of the s tion w: leter ned by the earbazole 
method. Portions of this 15 solution were diluted 
t witer, and the et tor er sugal ale values taken. 
Differences between ref ctomete Value d actual solids con 
‘ent AGA we plotted agai: solids content. 
r portions of the peeti l were mixed with sucrose 
ru” and with sol ions ¢€O ining ( ye, citric acid, and 
potassium citrate. Difference veen refractometer values 
l 1 a content of these 
solutions, wit] rrections rst eing applied for the 
rie acid and potass citra 

Ascorbic acid. High-purity acid was added to 
pproximatel nO sucrose syru] rive concentrations of 
0.7, and 
values were 
rmined and compare o caleulated soluble solids content. 
Flavonoids. Juice analy i ‘ the presence of flavonoids 
s juices in ¢ ntitic ar bove heir solubilities in 
/ nsoluble in water, 
1.05% in water 
ire very similar 
lices should be 
laringin was 
r studying their 
itions were pre 
water, cooling, 
‘es between 
s contents of the 

ifions were vlotte 
Citric acid. The tabk 

Stevens and Baier 


acid published 
sets of corree 
one for correcting retra ) ter read to degrees 

ind the other true oluble ‘ The latter is of 
interest in th id n ( to check their corrections 

ide up in water 

Exact acid con 

centrations were de 


l in d portions with 
standardized NaOH solut ractome rs 


gar scale values 

taken at each centration, and differences between these 

ies and actual acid e t were compared with the correc 
ous of Stevens 

Reducing sugars. Refractive indic f glucose, fructose, and 

vert sugar so.utions, | ) hed in the 1955 Official Methods 

fnalysis, AJO.A. wer onvert t sugur seale values 


of Refractive Indices of 
14% of the indi 

lhe lifferences between 
ire the amounts 


scale values to 


RESULTS AND DISCUSSION 


All components studied, other than citric acid and 
reducing sugars, were found eit to have higher 
refraction than require negative 
corrections, or to be so nearly equal to sucrose that 
their effects were negligible 

The mineral citrates tested gave higher values on 
the refractometer sugar scale than the actual per- 
centage of salts pr it, indicating the need to sub 
tract corrections from the refractometer values. When 
differences between observed and actual solids con- 
tents of the mixed solutions were plotted against the 
solids contents, a smooth eurve could be drawn which 
passed through the origin and missed no one of the 
27 points by more than 0.02% solids. The list of cor- 
rections shown in Table 1 were taken from this eurve. 

For the solutions of mixed amino acids, the ob- 
served refractometer sugar scale values were higher 
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TABLE 1 Pulp as recovered by centrifuging from citrus 


Corrections for non-sugar components of concentrated citrus 
juices to be applied to refractometer sugar scale values 
to obtain true soluble solids 


(itri Amino Minera Pulp 
compounds citrates 
I ld To subt ' 

4 i 10 of O5 
0.8 21 17 
1.0 11 12 25 
1.2 14 
1.4 1¢ 7 15 a6 
1.8 i 70 

t 21 

=.4 64 oe 
‘ 6u 24 
74 25 

4 28 


than actual solids present, so negative corrections are 
required. When differences between observed and 
actual percentages were plotted against percentages 
of amino acids, the points lay on a= straight line 
through the origin with only one point varying as 
much as 0.050 solids from the line. The list of cor- 
rections shown in Table 1 were taken from this curve. 

The effect on refractive index of suspended matter, 
or pulp, has proven most difficult to measure and 
Interpret Tests indicated that changes in COMLpoOs! 
tion of single strength orange juice caused by centri- 
fuging were not detectable with the refractometer. 
Obviously, the composition of the serum was not 
changed, but removal of the suspended solids and 
adsorbed material did change the over-all composition. 

In the case of concentrated citrus juices, the ratio 
of pulp to solution is much greater than in single 
strength juice, and pulp should therefore exert con 
siderable influence on physical characteristics, in 
cluding refractive index, of concentrates. The addi 
tion of pulp to sugar syrup, or simulated concentrate, 
affects the refractive index considerably beyond the 
amount that can be attributed to mere dilution. Re 
fractometer values were always higher than the calcu 
lated values. It appeared as if the insoluble solids 
had adsorbed some of the water from the syrup, 
leaving the solution more concentrated. This effect is 
not at variance with the observation that the removal 
of pulp with the supercentrifuge did not change the 
refractive index of single strength juices. 

The condition of the pulp apparently influences the 
magnitude of its effect on refractive index. Differ 
ences were noted in the times required for mixtures 
to reach equilibrium with suerose solution among 
pulp wet with juice, water washed pulp, and dried 
pulp, and also among final refractometer values of 
these pulp mixtures after allowing 5 or 6 days for 
equilibration There was also noted a difference be- 
tween the refractometer values of syrups with added 
pulp from frozen juice and from normal juice. 


juices is a heterogeneous mixture which includes 
celluloses, protopectins, peetins, lipids, proteins, ca 
rotenoid pigments, and elycosides among other com 
ponents. Some of these components adsorb water in 
varying amounts. Others, especially those of almost 
colloidal dimensions, scatter the light rays in the 
refractometer and render a determination of true re 
fractive index difficult by obscuring the shadow line. 
Components occurring in discrete masses can also 
make determinations difficult by reducing the inten 
sity of transmitted light and thus reducing the 
contrast between light and dark fields. 
Characteristics of at least some of the components 
of pulp may be changed by freezing of the fruit, or 
by washing, precipitating or drying the experimen 
tally recovered pulp, with the changes producing 
different effects on refractive index. The effects of 
such drastically treated pulps on refractive indices 
differed rather widely from those of pulp freshly 
recovered from normal juice. While effects of the 
latter were not always consistent, they did follow a 
trend. Figure 1 illustrates the effects of four different 
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Figure 1. Refractometer sugar scale corrections for pulp in 
40°, sugar solution. 


samples of pulp in 400% sucrose syrups Differences 
between calculated soluble solids of mixtures contain 
ing pulp and observed sugar scale values were plotted 
as ordinates against known dry pulp content as 
abscissas for concentrations up to 3%. The list of 
corrections shown in Table 1 were taken from this 
curve. Pulp contents (dry weight) of 42° Brix con 
centrates seldom exceed 1.39. Since the presence of 
pulp causes sugar scale values to read too high, the 
differences shown must be subtracted from refrac 
tometer values to indicate true soluble solids. 

Citrus peel oil is a normal component of juice 
products and refractometer sugar scale values showed 
increases upon the addition of cold pressed orange 
oil to concentrated orange juice. In amounts normal 
to commercial concentrates, up to 0.04%, the differ 
ences were not larger than could be attributed to 
experimental error in sampling or reading the instru 
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ment. When oil was added in larger amounts, up to 
O5% of the weight of concentrate, sugar seale in 
creases were proportional to the amounts added. When 
these increases were plotted against oil concentration 
and extrapolated to zero oil content, the resulting 
curve indicated that corrections for concentrations 
normal to concentrated citrus juices amounted to 
less than 0.01° Brix 
curve are shown in Table 2. Since peel oil in excess of 
0.120% is not allowed under the Florida Citrus Code, 


its effect was considered negligible. 


Corrections taken from this 


Differences betwee refractometer sugar scale 
values and pectin concentration, as per cent AGA, in 
water solution, when plotted against concentration, 
fell on a straight line passing through the origin. 
However, differences between sugar scale values and 
AGA concentration in 40% sugar syrup, with and 
without added citric acid and potassium citrate, 


showed random variations about % 


line with shghtly 
lower slope than the one for pectin in water. The 
lack of precision in these measurements is not alarm 
ing when it is remembered that pectin does not go into 
true solution, but into colloidal dispersion. It is 
readily inderstandable that the hvdrophyllic colloid 
would not disperse as readily in viscous syrups as In 
water. It is unlikely that complete uniformity of the 
sols was obtained Differences between observed 
values and AGA concentrations are shown in Figure 


2. Points are shown for pectin in water, pectin in 


4 = AGA in Sugar Syrup 4 
o= AGA in Sugar + Acid + Salts 
o= AGA in Water 
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Figure 2. Refractometer sugar scale corrections for pectin 
measured as anhydrogalacturonic acid. 


sugar syrup, and pectin in syrup containing acid and 
potassium citrate. Two points are shown at each con 
centration for the sugar solutions to indicate in 
creases in values of the same solutions after standing 
for five days. The correction curve was drawn with 
out regard for the pectin in water points, as the peetin 
in sugar solutions are considered to more closely re 
semble the situation existing in citrus Juices and 
concentrates. Corrections taken from the curve are 
shown in Table 2 for pectin, as AGA, up to 0.35%. 
The refractometer values of ascorbie acid in water 


+ 


solution at four concentrations were found to vary 


above and below those of equivalent sucrose values 
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within the range of 


xperimental error. When dis- 
solved n dO% sugar syrup, ascorbic acid raised 


refractometer values onlv 0.01° Brix at 0.2% coneen- 


tration, and 0.05° Brix at 0.73% concentration. Since 
this component seldom occurs in concentrated citrus 
at concentrations above 0.25%. its effect on refrae- 
tometer values was considered negligible 

Flavonoid solutions gave values above true soluble 
solids contents, but increase with increasing concen- 
vular \t the saturation point 
for naringin in water at 20° C, 0.05%, the refractome- 


tration was very 


ter reading was 0.17°°, showing an increase of 0.12% 


above true soluble solids, while at concentrations 
supersaturated ) up to five times as great, the greatest 
increase was not more than 0.18% Wide variations 
in inereases at the various concentrations indicate 
that the use of supersaturated solutions was not en- 
Tire ly satisfactory, as naringin apparently seeded out 
of some of the solutions during the test. By plotting 
increases against soluble solids and fitting a curve to 
those points which did not indicate seeding, the cor- 


rections Shown in Table 2 were developed. 


TABLE 2 
Corrections for non-sugar components of concentrated citrus 
juices to be applied to refractometer sugar scale 
values to obtain true soluble solids 


\4 1 
r 

1 0 


A satisfactory test for the routine estimation of 
flavonoids in orange lice has not been developed. 
The Davis test (7 nvolves the use of alkali which 
solubilizes flavonoids not in solution in the natural 
juice. Swift and Veldhuis (19) reported the presence, 
by the Davis test, of flavonoids in hand reamed and 
commercially extracted orange juices in concentra- 
tions very close to 0.03% throughout an entire season. 
Various investigators, using the Davis test, have re- 
ported the occasional presence in grape fruit juices of 
, al- 
though the absence of excessive bitterness indicated 


flavonoids in concentrations in excess of 0.05% 


that naringin was not present in such amounts. After 
careful consideration of available data, the authors 
concluded that flavonoids in single strength juices 
seldom exceed about 0.08%, and that, upon conecen- 
tration of the juices, the flavonoids probably seed out 
upon reaching concentrations of about 0.06%. At 
this level, naringin causes an increase of about 0.12% 
in refractometer sugar scale values above true soluble 
solids. This amount may be used as a uniform nega- 
tive correction for refractometer readings of all 
citrus concentrates 


Corrections for citric acid in solution agreed with 


those published by Stevens and Baier within 0.05% 


\ 
Bastin Flavot i P eel oil 
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solids. 
experimental error. 
rections to true soluble solids is presented in Table 


inalysis 


fructose of equivalent 
mutually depressing effect of the two reducing sugars. 
This 


ranges in which these sugars occur in citrus juices. In 


sugar 
appreciably from 1: 1, 
corrections for individual sugars may be preferable. 


tive. 
values as read, without corrections, are usually higher 
than 
products, and the addition of corrections for citric 
acid only serves to compound the error, at least with 
low-acid products such as orange juice. 


These differences were considered to be within 
A partial listing of their cor- 


in order that they may be compared with cor- 


rections for other components occurring in similar 
concentrations. 
Corrections for reducing sugars are shown in Table 


The corrections for invert sugar, being slightly 


TABLE 3 


Corrections for reducing sugars to be applied to refractometer 


sugar scale values to obtain true soluble solids’ 


} Glucose Fructose | Invert 
Per cent by wt 
To add 

O13 O33 033 
020 053 053 
020 073 
033 107 100 
053 140 123 
069 163 147 
094 194 169 

200 

261 

312 

343 

1 Data calculated from Tables 42.7 and 42.10, Oficial Methods of 


A.0.A.C., 


1955 


larger than the average of corrections for glucose and 


concentration, indicate the 


effect amounts to about 0.03% sugar in the 


most pure citrus juices, glucose and fructose are 
present in nearly equal quantities and the invert 


corrections could be used. If the ratios deviate 
or glucose has been added, 


By inspection of the corrections for all the effective 


components of citrus juices in the range in which 
they are known to oceur, it appears that the net cor- 
rection to obtain true soluble solids should be nega- 


In other words, the refractometer sugar scale 


actual soluble solids contents of the juice 


In the next paper of this series, the analyses of a 


number of commercial concentrates will be considered 
and corrections applied for the components in the 
proportions found. 


SUMMARY 


The effects of non-suecrose components of citrus 


juices on their refractometer sugar scale values have 
been studied. The only two components whose refrac- 
tive indices in solution have been compared with 
sucrose and reported in the literature are citrie acid 
and reducing sugars. Both of these components have 
lower indices of refraction than sucrose, and there- 
fore give rise to a need for positive corrections for the 


refractometer sugar seale to indicate true soluble 
solids. Other components included in this study had 
higher indices of refraction than sucrose. Negative 


corrections required for both amino acids and pulp 
are greater than positive corrections required for 


citr 
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ic acid at equivalent concentrations. Negative cor 


rections required for citrate salts, flavonoids, and 
pectin are considerably less, while those for ascorbic 


acid and peel oil are practically negligible. 
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TOP QUALITY ENGLISH 
BREWERS YEAST PRODUCTS 


an announcement 


the Fuller Group 


of Companies, Burton-on-Trent, England. 


The Fuller Group has been operating at the world famous brewing 
center of Burton-on-Trent, England for over fifty years, and pos- 
sesses an unrivaled knowledge of the debittering and processing of 


brewers yeast. 


The particular value of English Brewers’ 
Yeast is that it is recovered from the brewing 
process which uses top fermentation, as op- 
posed to the bottom fermentation process 
widely adopted in America. This tends to 
give a purer yeast 


Yeast is a small micro-organism (about 150, 
000 million yeast cells per ounce), which 
occurs Widely in nature in many types and 
forms: for instance, the ‘‘bloom’’ on the skin 
of a grape contains veast cells. These cells 
blow about and they settle on sugary fruits 
and foods, where they proceed to multiply 
and produce aleohol and earbon dioxide. 


Brewers’ Yeast grows best on malt liquor or 
wort, itself a rich source of the B group of 
vitamins, and while growing in this manner 
the yeast concentrates within itself much of 
the natural goodness in the wort. 


Unfortunately, however, raw Brewers’ Yeast 
suffers from three main disadvantages: it is 
hitter and unpalatable, it does not keep, and 
if taken raw it can cause digestive upsets. 


To overcome these difficulties the Fuller 
Group of Companies treat raw Brewers’ Yeast 
by a special process whereby the valuable 
vitamin and food factors are left unimpaired 
and the end product is a debittered dried 
Brewers’ Yeast in the form of a palatable, 
easily digested biscuit eolored powder with a 
pleasant, characteristic odor and flavor. 


Our dried Brewers’ Yeast is available in its 
natural form, in various grades, or ean be 
supplied with a smoked bacon flavor. This 
bacon flavored yeast is produced by a recently 
developed process which vives the product a 
distinetive farmhouse tang of fresh smoked 


hacon 


The part these products can play in food manufacture 


Dried Brewers’ Yeast offers to food manufacturers a rich natural source of vitamins 
of the entire B complex, as well as protein and other accessory food factors 


It already finds wide application in the food industry in the preparation of baby foods, 
invalid diets, breakfast foods, canned and dried soups, canned foods, candy and in 


the fortification of bread. 


The bacon flavored veast will interest manufacturers of soups, canned and frozen vege 
tables, seasonings and spice mixes, sausages and canned meats. 


The Fuller Group of Companies 
would welcome inquiries from food 
processors currently using dried yeast 
products and will be pleased to pro 
vide samples and submit quotations. 
Tnquiri S are atiso we lcome from com 
panies who are interested in pioneer- 


ing the use of yeast products in new 
fields, and advice on technical prob 
lems as” free ly available Vanufac 
turers agents who are interested in 
assisting the Fuller Group im de- 
veloping the United States market 
are cordially inwited to contact us 


THE FULLER GROUP OF COMPANIES 
EXPORT SALES DIVISION 
36-38 Southampton Street, London W.C. 2, England 
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Determination of the Proximate and 


Electrolyte Content of Beef 


Manuscript received 


| * ENT STUDIES indicate that vari 


ations in meat composition, some so small as to appear 
This 


is exemplified by the evidence that variation in prox! 


superficial, may markedly affect meat quality. 


mate composition and ionie constituents, such as 
hydrogen and caleium, substantially influence the 
water retention of meat (7, 16, 17 In meats, as in 


many other foods, acquiring a comprehensive know] 
edge of the relation between composition and quality 
of 


mproved 


offers promise developing new ways which 


quality may be 

It has long been apparent in this Laboratory that a 
system of meat analysis Was needed which would per 
mit the collection of a large amount of data in as short 
a time as possible. It was our opinion that a system 


11), which would dispense 


could developed on available methods 

time-consuming separations, would use as far as possi 
of elec 
troly tes. and make extensive use of spectrophotometris 
It 


employed to collect the analytical data 
16) 3 


Improving 


with laborious and 


ble a common ash solution for determination 


methods. This paper describes such a system Was 


successfully 


that has been reported na study on the vari 


ations in composition and properties among eight 


heeft museles 


MATERIALS AND METHODS 


Preparation of samples. Muscle was removed from the care: 


iss 


and trimmed f all visible fat and eonnective tissue. The 
muscle tissue was eut into approximately 1 in cubes and the 
cubes thoroughly mixed by shaking in a large polyethylene jar 
One hundred grams of the meat were then blended to fine 
paste in a Serval Omnimixer which, because of its stainless 
steel construction, high speed, and eutting action, yielded 
finely comminuted samp! with a minimum of metallie econ 
tomination Heating during blending was prevented by in 
mersing the mixer jar (polyethylene) in an ice bath 
Determination of moisture. Into tared, high-form Vitre si 
crucibles (50 ml size ¢ 15 + 0.1 g portions of meat paste wer 
weighed. The paste was spread to form funnel shaped con 
duit to facilitate moisture loss. The erucibles were placed in 
gravity convection oven, the temperature was slowly raised te 
102-105° C, and the samples were held at this temperature over 
night 16-18 he After cooling, the erucibles wet 
weighed and the moisture content was ealeulated The lrie« 
samples were retained for subsequent ashing and preparation 


of the stock electroyte solution. 

Determination of fat. Content of fat was determined by a 
modified Babeoek procedure. Nine grams of the original meat 
paste were weighed into 200% size, Paley-type Babeock bottles 

Kimble Glass No. 508 Thirty ml of a 1:1 perehlorie acid 
acetic acid solution, prepared by mixing equal volumes of 
reagent grade perchlorie acid of 60% strength and reagent 


grade glacial acetie acid, as recommended by Salwin et al 


"Mention of specific commercial materials or equipment does 
their 
value. 


not constitute recommendation for use above similar ma 


terials and equipment of equal 
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The samples dried for the moisture determination described 
above were placed in a gravity convection oven, the tempera 
ture was slowly rai.cd to 325° C, and the samples held at this 
temperature overnight to char The samples were then placed 
in a Tempeo muffle furnace (door closed), and the tempera 
ture was gradually raised to 400°C. At this stage, it was 
necessary to minimize air cireulation, otherwise volatilizing 
fatty acids tend to ignite with possible loss of ash. After one 
hour at 400° C, the samples were cooled and the charred mass 
thoroughly wetted with 1 ml of concentrated nitrie acid (pre 
pared by distillation in an all-Pyrex, glass still The samples 
were then placed on a hot plate and gently heated until the 
red-brown oxides of nitrogen were volatilized. The samples 
were replaced in the muffle furnace with the door slightly ajar 
to permit entrance of air. The temperature was raised to 
525° C, and the samples were heated at this temperature for 
”’ hr. Some reealeitrant samples required two or three additions 
of nitrie acid to produce the desired greenish-white ash. After 
cooling, the residues were weighed, and the ash was ealeulated 
and retained in the erucibles for analyses of electrolytes. 

Preparation of electrolyte solution. Five ml of 0.1 N hydro 
chlorie acid (prepared from all-Pyrex, glass-distilled acid) were 
added to each erucible. The solution of the ash was heated to 
boiling (to convert metal oxides to chlorides and pyrophosphate 
to orthophosphate) and then transferred to a 200 ml volumetric 
flask. Each erucible was washed repeatedly with 10 ml portions 
of hot, distilled water and the washings combined in the volu 
metrie flask. The solution was adjusted to volume and trans 
ferred to polyethylene bottles 

Determination of phosphorus. Phosphorus present as the phos 
ferrous orthophenanthroline complex (4). The ml of the stock 
phosphorie acid complex (9), which was stable for up to 2 days. 
Three ml of the stock electrolyte solution, containing approxi 
mately 150 meg/ml of phosphorus, were transferred to a Beck 
man absorption tube (diameter 25 mm, length 150 mm) 
Fifteen ml of 1.7 N nitrie acid and 4 ml of an ammonium 
molybdate-ammonium meta vanadate mixed reagent were added. 
The mixed reagent consisted of a 1:1 mixture of 5% «am 
monium molybdate and 0.12567 ammonium meta vanadate in 6 
N nitrie acid. The eontents were thoroughly mixed and the 
ibsorbanee of the molyvbdiv inadophosphorie acid complex was 
determined at 470 mme in a Beekman B spectrophometer. The 
mount of phosphorus present in the aliquot was determined 
from a standard eurve. Phosphorus content of the sample was 
reported as mg per cent wet weight of meat. 

Determination of iron. [ron was determined as the orange 
ferrous orthophenanthroline complex (4). Ten ml of the stock 
electrolyte solution, containing approximately 2 meg/ml of 
iron, were transferred to a Beekman absorption tube. Five ml 
of 10¢¢ hydroxylamine hydrochloride were added to convert 
ferric iron to the ferrous state. The solution was mixed and 
allowed to stand for 15 min; subsequently, 10 ml of 0.1% 
orthophenanthroline and, as recommended by Bandemer and 
Schaible (2), 5 ml of 10°, sodium citrate were added. The 
solutions were mixed and allowed to stand one hour for full 
color development. The absorbance of the orthophenanthroline 
ferrous complex was determined at 520 mme in a Beckman B 
spectrophotometer. The amount of iron present in the aliquot 
was determined from a standard eurve and reported as mg per 
cent wet weight of meat. 

Determination of zinc. Zine was determined as the zine dithi 
zonate complex in carbon tetrachloride solutions. Two ml of 
the common stock electrolyte solution, containing approxi 
mately 2 meg/m) of zine, were transferred to a 100 ml poly 
ethylene bottle. Fifteen ml of a mixed reagent, consisting of 
10 parts water, 5 parts 2 N sodium acetate buffer pH 4.75, and 
1 part 15% sodium thiosulfate, as recommended by Sandel) 

14), were added. The contents were mixed, and 15 ml of 
0.001° dithizone (in redistilled carbon tetrachloride) were 
added. The bottle was capped and vigorously shaken on a 
shaking machine for 15 min. The mixture was transferred to 
an absorption tube, the two phases were allowed to separate, 
and the absorbance of the earbon tetrachloride solution at 
530 mme was determined. It was not necessary to separate the 
two phases, as the water phase was well above the light path of 
the Model B spectrophotometer. The amount of zine present 


in the aliquot was determined from a standard eurve; the zine 
content of the sample was calculated as mg per cent wet weight 
of meat, 

Determination of calcium. Calcium was precipitated as the 
oxalate by the method of Sendroy (15), with subsequent oxida 
tion of the oxalate by ammonium hexanitrato cerate as de 
seribed by Berger (3). The excess cerate was titrated with 
ferrous ion employing orthophenanthroline as an oxidation 
reduction indicator. Fifty ml of the stock electrolyte solution, 
containing approximately 125 meg of caleium, were trans 
ferred to a 125 ml Erlenmeyer flask and slowly evaporated t 
dryness, Six ml of 1 N hydrochlorie acid were added, and the 
solution was warmed. To 5 ml of this solution, in a 15 ml 
centrifuge tube, 2 ml of a 1:1 20% sodium acetate-saturated 
ammonium oxalate solution and 2 drops of bromocresol green 
indieator (0.1% ) were added. The solution was adjusted to 
pH 4.5 and allowed to stand overnight to obtain complete 
precipitation. The tube was centrifuged at 3000 rpm for 15 
min; the supernatant was decanted; and the precipitate was 
washed once with 2% ammonia and twiee with a mixture of 
equal parts of ethyl aleohol, ethyl ether, and 2% ammonia 
The precipitate was dried in an oven at 60°C, It was then 
dissolved by adding 2 ml of 2 N sulfuric acid and heating the 
mixture for 1 min in a boiling water bath. To the cooled solu 
tion, 2 ml of 0.014 N cerium ammonium nitrate were added 
The solution was stirred and allowed to stand one hour, One 
drop of 0.005 M orthophenanthroline indieator was then added ; 
and the exeess cerate was titrated with 0.005 M ferrous am 
monium sulfate, using a 5 ml microburette. The color chang: 
was from yellow to colorless, to a faint blue, and then to 
sharp salmon-pink end point. The ferrous ammonium sulfat¢ 
was standardized against 0.01 N sodium oxalate and the cerate 
solution against the iron solution. The amount of ecaleium 
present in the aliquot was determined from the titer. Total 
caleium content of the sample was reported as mg per cent 
wet weight of meat. 

Determination of magnesium. The determination of mag 
nesium was based on titrating with a standard solution of 
disodium ethylenediamine tetraacetate, employing a mixture of 
Eriochrome black T and methyl! red as the indieator. Twenty 
five ml of the common stock electrolyte solution, containing 
approximately 500 meg of magnesium, were transferred to 4 
500 ml Erlenmeyer flask and diluted to 275 ml with distilled 
water. Dilution of the sample avoided interaction of meat 
phosphate components with the Eriochcrome black T and re 
sulted in a sharper end point. Ten ml of a monoethanolamin« 
hydroehlorie acid buffer pH 10.3, as recommended by Pat 
ton and Reeder (12), were added, together with 50 mg hy 
droxylamine hydrochloride and 100 mg potassium eyanide. The 
buffer solution consisted of 55 ml concentrated hydrochloric 
acid diluted to 400 ml, plus 310 ml redistilled monoethanola 
mine, the mixture diluted to 1 liter. Fifty mg of indicator, 
consisting of 0.2 g Erioehrome black T and 0.1 g methyl red 
triturated with 50 g of potassium chloride, were added. The 
solution was titrated with 0.02 N disodium ethylenediamin« 
tetraacetate to a pale green end point. The disodium ethylene 
diamine tetraacetate solution was standardized by titrating 
separately, under similar conditions, against 500 meg of mag 
nesium and 500 meg of ealeium. 

The ealeium content of the 25 ml aliquot (determined sepa 
rately as the oxalate) was subtracted from the titer, and the 
quantity of magnesium present was determined. The mag 
nesium content of the sample was reported as mg per cent wet 
weight of meat. 

Determination of sodium and potassium. Sodium and potas 
sium were determined by flame photometry, employing a Beek 
man spectrophotometer equipped with a photomultiplier and a 
Model 9200 flame attachment. Interfering specifie spectral 
emission was minimized by dilution of samples. Use of the 
photomultiplier permitted the selection of slit widths which 
minimized non-specific spectral emission. 

Ten ml of the common stock electrolyte solution, containing 
25-50 meg/ml of sodium and 200-300 meg ml of potassium, 
were diluted to 50 ml. Sodium was determined at 589 mme, 
using photomultiplier tube (I1P28); slit width, 0.02 mm; sensi 
tivity, 0.1; photomultiplier position, 4; oxygen pressure, 10 Ib; 
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TABLE 1 
Eighteen analyses on a meat paste 


Protein Fat Chloride Mag 


CONTENT 


Caleiun Zit Sodiur Phosphorus Potassium Iron 


te tors re 


i oride detern ate an ind 10 g, respe 


2 


TABLE 2 
Recovery of ions added to meat 


Chloride 


114.6 
114.4 
116.9 40.52 6 
115.4 10.62 6.6 
116.6 


and acetylene pressure, 5 Ib To compensate for the enhance 
ment of radiation due to the potassium present in meat sam 
ples, 60 meg of potassium were neorporated in each ml of the 
sodium standards 

Potassium was determined at 768 mme, using a cesium oxide, 
red sensitive phototube, slit width, 0.25 mm; sensitivity, 0.2; 
resistor, 2000 ohms; oxygen pressure, 10 Ib; and acetylene pres 
sure, 3.5 Ib At the level of sodium present, approximately 
10 ppm, interference from this ion could not be deteeted in 
determining potassium 


RECOVERY EXPERIMENTS 

To a residue, prepared by drying a 15 ¢ sample of 
meat paste, a solution was added containing amounts 
of magnesium, calcium, zine, sodium, phosphorus, anc 
iron approximately equivalent to that in tissue. The 
solution was slowly evaporated to dryness, and the 
residue was charred and then ashed. The ash was dis 
solved in 0.1 N hydrochloric aeid and diluted to 400 
ml. Subsequent analysis for each electrolyte was per 
formed as previously deseribed. 

To a 10 g sample of meat paste, 10 ml of 0.02 N 
sodium chloride were added and thoroughly mixed. 
Thirty ml of 0.02 N silver nitrate were added, fol 
lowed by 10 ml of concentrated nitric acid, and the 
sample was analyzed for chloride as described. 
ANALYTICAL RESULTS 
Table 1 gives the results of the analysis of 18 repli 


cate analyses of the same meat paste. Quantitative 


results are given for 12 constituents. The coefficient 
of variation of the determinations 1anged from 0.68% 
to 5.6% 

Table 2 gives the results of the recovery of 6 repli- 
cate analyses of the same meat paste. The percentage 
recovery ranged from 94% to 106% 


SUMMARY 

A convenient plan of analysis for the determination 
of the proximate and major electrolyte content of beef 
has been deseribed With this procedure, the c¢o- 
efficient of variation for the constituents was as fol- 
lows: moisture, 1.21% : ash, 2.94% protein, 0.69% ; 
fat, 5.62% ; chloride, 2.89% ; magnesium, 2.05% : eai- 
cium, 0.68%; zine, 3.15% sodium, 4.21%: phos- 


phorus, 0.927 ; potassium, 1.18%; and iron, 2.26%. 
The average recovery of various ions was as follows: 
chloride, 106% 
zine, 
sium, 108% ; and iron, 102%. 


magnesium, 103%: caleium, 97% 


sodium, 97% ; phosphorus, 99% ; potas- 
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teins of beef 


bestrol treatment 


% Wet wei Mg/100 ¢ wet weight of meat 
Repli- 
cates Moisture | Ash 
( 
1 72.95 1.18 23.00 2.0 40.2 23. 3R 12. 197.1 407.0 24 
72.95 1.20 23.21 2.0 41.2 3.3 ~ 1.61 16.4 197 419.5 20 a 
72.68 1.22 22.97 33 41.2 4.4 7 1.98 42.5 198.9 416.0 28 fae 
72.89 1.17 22.80 10.0 22.9 7.4 125.9 2% 
5 72.73 1.19 22.94 10.3 23.1 34 197 120.8 17 
6 71.50 1.22 23.32 1.9 9.8 22.9 1.39 18 16.8 17.4 121.4 17 
7 72.82 1.23 23.15 5 9 199.4 414.7 31 
72.62 1.19 23.06 41.3 3.4 8 2.1 $20.7 29 
72.70 1.13 3.23 2.2 0.6 84 12. 199.8 420.1 24 
10 72.99 1.21 23.29 6.0 4.1 12.4 19.7 117.9 2.29 
11 72.96 1.24 23.00 2.2 10.4 46.7 199.4 126.0 | 2.23 
12 72.72 1.21 23.23 1.9 10 f 8 4.08 14.8 196.1 122.0 2.23 a 
13 72.24 1.24 23.02 10.1 2 1.1 4125.4 2.24 
4 1.22 22.97 0 10.7 4.06 17.9 4125.5 2.24 
15 71.93 1.29 10.6 16. 423.8 2.29 
If 71.93 1.21 22.91 1.9 10.6 4 f j iG.t 2 $23.4 29 
17 71.56 29.23 40.0 12.8 127.4 2.37 
18 69.58 1.18 3.38 2.2 10.5 71 422.8 2.38 
1.21 24 $01 14.4 18.9 $21.1 2.26 
a 
j 94% 0.69% | 5.62% 2 2.05 15¢ 4.216 1.18% 0.82% 
that for the protein ctivel) 
were uxed 
3 
f 
Mg/100 g wet weight 
Aliquot Magnesium Calcium VAT Sodium Phosphorus Potassium Iron 
1 6.95 82.8 5.73 
6.95 70.4 64.4 5.81 
; 7.19 77.8 64.9 827 5.65 ag 
7 77. 66.5 827.4 5.60 
7 2 219.0 5.61 
7 62.7 819.4 5.59 
ae 
Average 115.5 $0.7 6.64 64.2 S18. 5.67 
Amount in meat 5 7 i4.4 198.9 $21.1 2.26 
Amount added 71.0 16.7 166. 3.33 
Per cent recovery 106% 103% 17% 14% 17 % 19% 103% 102% 
G 
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How determined 
dieter helps 
sell sugar packs 


The hardest exercise for dieters is pushing away from the table. But the 
dieter you see above, appearing in a Sugar ad in LIFE, Sept. 19, doesn’t 
find it hard. Sugar and products canned with sugar, help keep his appetite 
satisfied (nothing does it so fast). 

This unusual example of sugar’s benefits will be seen by 35 million 
people. It’s a big market for sugar packs—and Sugar advertising is out to 
make it bigger! 


SUGAR INFORMATION, INC. 


New York 5, New York 


SUGAR means sucrose (‘beet and cane) 
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Effect of Sodium Chloride, Citric Acid, and Sucrose on 
pH and Palatability of Canned Tomatoes: 


Manuscript received May 10, 196 


AcIpITy has been of par- 


ticular interest to hanyv Investigators because it Is 
related to ripeness, flavor, and processing require- 
ments for canning (7, 3, 6, 10, 12). The high pH 
values in fresh tomatoes during the 1957 and 1958 
seasons were a matter of concern to the canning in- 
dustry since an increased incidence of spoilage, and 
even a public health problem may develop when the 
pH value rises above 4.5 (6). Higher temperatures 
and longer processing times could be used to assure 
the destruction of bacterial spores. Ilowever, this 
requires cooking under pressure and causes a decrease 
in color, flavor, and wholeness of the canned product 
(ine solution is addition of citric acid to decrease the 
pill and thus to facilitate the heat sterilization of 
canned whole tomatoes at 212° F 


and Siegel (9) recommended the 


Kertesz et al 
use of ealeium in the commercial canning of whole 
tomatoes The caleium-treated tomatoes vielded a 
higher drained weight and showed much more re 
sistance to conditions causing disintegration than 
fruit canned in the usual manner. However, no in- 
formation is available on the effect of citrie acid acidi 
fication on drained weight of the canned product. 

In the present experiment, the effect of ripeness 
level on oIL and acidity of five varieties of tomatoes 
was studied Presented are the effects of sodium 
chloride, citrie acid, and sucrose on pl, palatability, 


and drained weight of canned whole tomatoes 


EXPERIMENTAL MATERIALS AND METHODS 


Tomatoes Two-hun d-pound lots of commercial tomato 
1D hich pa t ( orl Depart nt of Agricul 
y ne static ennned for the variet study The 
vy fruit used fo ter ng the effect of peness level on 
pH and aeidit from commere fields where 
t tor of lifferent ome evels were pieked the same da 
mon s of skin 
Canning. Well. red tomatoes, sorted under a standard light 
souree, ere ised for nning Unusunlh rg md small 
fruits vere remover Tor toe ver peeled th 1 
sodium hydroxide spra t 18° F Radiant heat and steam 
n the rl frui wheal | th a water 
spra or na Mag Hvar Mock KI nit, and 
filled int No rage fill-weight of 21.5 
1.5 oz. Four oz of tomate ice, Containing varving amounts of 
iric wrose Naf enough CaCh to make 0.07¢ 
the whole content of tl eun, Was added by a Magnuson 
Floeron’’ Mode penser Fomato juice was then added 
to make 1 net weight of S oz for each No ely ean The 
‘eo Was prepared from tomatoes which were heated rapidly in 
steam-jacketed  kett t 12° F and passed through a 
Rvder’*’ juiee extruetor 0.027 in sereen (Cans were 
senled une 16 in of vacuum, cooked for 32 min at 212 F in 
rotary cooker, cooled fe 7 min it rotary water-cooler, 
* Presented in part at the Twentieth Annual Meeting of 
IFT, San Franeiseo, California, May 18, 1960 


Sherman Leonard, B. S. Luh, and 
Rose Marie Pangborn 


Department of Food Science and Tech- 
yy, University of California, Davis 
then stored at room tet ture for to 3 months prior to 
chemical and flavor 
Color. Color of t t halves was measured with the 
Agtron Model E lh meas the ratio of green (546 
to red (640 etanes \ verage value from 20 
separate reading According to 
the standards of tl for! Lk t ut of Agriculture, 
the Agtron E readings 1 tomato « r grades are as follows: 
“ colored, 0 to 4 f ‘ olored, 47 to 67; and off 
eolor, 68 or higher 
Chemical analyses. ‘| ty representat tomatoes were taken 
from the fresh fruit I ed for pH, Brix, and titratable 
acidity. Twelve cans of t to toes ! zed 3 months 
after canning. The pl eas | th Beckman glass 
electrode pH meter s solids mtent s measured with 
a Zeiss-Opton refractometer nd t ( igs were eorrected 
to 20° ¢ Titratabl ( t vas det ( ith a Beekman 
titrator Duplieate s of 10 g f tomato pulp were 
treated in 150 ml of sf ter t N sodium hydroxide 
to pH 8.0. Results ted nt citric acid. Salt 
in the canned tomatoes . ter! the AgNO, titration 
method with potassiu ‘ te entor 2). Results 
were reported as pet 


Drained weight. |) ed weight of t canned tomatoes was 


determined aceording te S.D.A. pro ire by draining the 
tomatoes for 2 n ) star 1 sere The average drained 
weight of 12 cans . ‘ for « tio Per cent retention 
wus calculated as 100 t stl rat ot me weight to fill 
weight. 

Flavor evaluation. A t d, rat tuste panel of 14 
menibel evalunte tl ot e cnnned tomatoes 
over a period of 4 lo facilitate testing, the samples 
were sulidivides nt y 

Group 1. Sa ’ t Ss es hroug 

Group 2. Sueros \ tio Ss ples 7 through 14 

Group 3. Variet t s: S s through 34 
Using a balaneed, i sumiples were 


judged per session f samples were 

iged per session for ¢ | ere ranked Ist, 
2nd, an rd in aceep t . ng seored on a senale 
with ‘‘0’* denoting indicating 
excellent flavor qu \ tot f : nd 2 separate 
flavor evaluations ! rhe within 
Groups |, 2, and 3, ~ t } t nks and the seores 
were subjected to fe ¥ e for determination of 


signifcanes 
RESULTS 
Color and pH of fresh tomatoes. 1) tionship between 
eolor and pH of 5 t f ( oes is shown in 
Table 1. Cross-sectio . t t es were graded 
TABLE 
Influence of ripeness level on pH of fresh tomatoes* (1959 crop) 


Variety 


Ag \ 
Pea i i 
\verage i 
L.S.D 


“| 
a 
nd ‘ ‘ Soft-ripe 
on pH 
4.60 
1.70 a 
4.50 
1.60 
4.80 
\ 
1.64 
i 
4 
| 
: 
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TABLE 2 
Influence of ripeness level on soluble solids and titratable acidity of fresh tomatoes (1959 crop) 


Under-ripe Canning-ripe Soft-ripe 


Titrable Titrable Titrable 
cidity, % ucidity, % Brix/Acid at2 acidity, ¢ 
Pearson } 0.481 


— 


x 


probability level 


for color by the Agtron Model E. As the tomatoes ripened, scored higher than Sample 1 (0.507 salt) and Sample 3 (1.0% 
increase in red reflectance and decrease in green reflectance salt), the differences were not significant. No significant dif 
eaused a deerease in Agtron E readings. Average readings for ferences in flavor were observed between Samples 4, 5, and 6, 
the 5 varieties decreased from 66 in under-ripe to 42 in canning but there was a trend toward preference for Sample 6. 
ripe, and to 35 in soft-ripe tomatoes. The average pH value in Effect of citric acid and sucrose on flavor. Table 4 summarizes 
creased from 4.53 in under-ripe to 4.48 in eanning-ripe, and to the effect of citrie acid and sucrose on the chemieal and flavor 
1.64 in soft-ripe fruit. These results are significant at the 99% analyses of canned tomatoes of the CPC No 2 variety. San 
probability level. ple 13, which contained 1.00% salt, 2.00% suerose, and 0.2 
Soluble solids and titratable acidity. Soluble solids and titra eitrie acid was seored higher in flavor than Samples 9 and 
table acidity of 5 tomato varieties at under-ripe, canning-ripe, 12. In general, the addition of citrie acid impaired palata 
and soft-ripe stages are shown in Table 2. No elear-eut trend bility, whereas a combination of e¢itrie acid and suerose in 
was Observed regarding the effect of ripeness level on solubk proved it. For each 0.10% of eitrie acid added, 1.0% sueros 
sulids content. However, as the fruit ripened, titratable acidity should be added to compensate for the sour taste. This 
decreased from 0.408°% in under-ripe, to 0.3120 in canning illustrated by comparing the flavor seores of Sample 10 wi 
ripe, and to 0.249¢; in soft-ripe fruit. These results are signifi 11, 12 with 13, 14 with 15, and 16 with 17 and 18. There is 
eanut at the 99° probability level. Ripeness level could also be no apparent advantage in using more than 0.26% eitrie acid 
compared on the basis of the Brix/acid ratio which inereased and 2.00% suerose. 
as the tomatoes ripened; that of soft-ripe fruit was 18 to 20 Varietal differences. The effect of citric acid and sucrose 
or higher, whereas that of under-ripe fruit was 12 to 15. chemical and flavor analyses of 5 varieties of canned tomatoes 
Effect of salt concentration on flavor. The effect of salt con is shown in Table 5. Results are similar to those in Table 4, 
centration on chemieal and flavor analyses of canned whole i.c., acidifieation with citrie acid impaired the palatability, 
tomatoes is shown in Table 3. The pH values of the unaecidified while a eombination of eitrie acid and sucrose improved it 
fruit (Samples 1, 2, and 3) were 4.18 to 4.30, while those of The Ace variety was the least aeceptable while the Pearso 
the samples acidified with 0.5% eitrie acid (Samples 4, 5, and VF-6 was the most acceptable. Table 6 shows the analyses of 
i) varied from 3.92 3.95. Flavor evaluation of the canned varianee for flavor seores and ranks. 
product indicated th: even though Sample 2 (0.75% salt Drained weight. The effect of citric acid and sucrose 
drained weight of eanned tomatoes is shown in Table 7 
TABLE 3 Acidifieation with 0.1% eitrie acid aeeeenes in a slight decrease 


in drained weight. The per cent retention in the control san 


Effect of salt a ae and flavor analyses ple (A) was slightly higher than in the acidified samples (B, D, 
of canned C C 0 2 tomatoes F, H Sucrose in excess of 1°67 of the filled we ight resulted 


a slightly lower drained weight. 


DISCUSSION 

Results obtained in this investigation indicate that 
ripeness and variety are important factors related to 
high pH in tomatoes. In order to obtain a high 
quality product, harvest maturity should be more 
carefully considered. Ripe tomatoes should not be 
left on the vine for a long period of time, even though 
State grading emphasizes full, red color for fresh 
tomatoes, leading growers to harvest soft-ripe fruit 


208 1.80 


No significant differences i: 


Also, if delay occurs between delivery and processing, 


TABLE 4 
on chemical and flavor analyses of canned tomatoes—CPC No. 2 variety 


Added NaCl 
Added sucrose 
Added citr 


Chemical ar 


4.00 


valuations L.S.D. at the 5% level 11 for scores and 0.63 for ranks 


434 
Brix/ Acid 
18.0 
rea 5.85 13.3 19.6 6.05 0.204 29.7 
VF11 0.342 15.6 5.75 0.329 195 5.45 0.263 207 
ee CPC No2 4.75 0.362 13.1 4.95 0.277 ipo 1.95 0.240 20.6 
Ace 0.412 13.7 5.76 1.263 5 0217 
Average 0.408 13.7 5.68 0.312 5.64 0.249 
peness level 20 at 99% 
\ 
\ 
amy N 2 3 4 > 
Added Nal (¢ 0.75 1.00 0.50 0.75 1.00 
Added er 0 0 3.00 8.00 
\ddec tri 0 rT) 0 0.3 30 
Chemical ana 
Salt as Nal 0.88 1.07 0.61 0.78 0.93 
7 oT widity as 
tr 67 68 O.591 O.586 
pH 13 i 1.14 t.95 
4 = e solids, 
at ( 6.80 7.28 7 9.50 9.65 
Brix acid i 19.9 19.3 16.1 16.5 16.5 
riavor analysis 
Average score 1.28 1.44 4.24 4.28 1.04 4.64 
Average 172 2.04 220 
Average of 25 separate evalustion, 
ag 
Bre Effect of citric acid and sucrose concentration 
bare Sample N 7 s 9 10 11 12 13 14 15 16 17 1s 19 
Br 2 0.5 0.75 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1 1.0 | 
0 0 0 0 1 0 0 2 1.0 
0 0 0 01 0.2 0.2 0.3 0.4 0.4 
ee rs % Salt as NaCl 0.63 0.38 1.12 1.05 1.05 1.10 1.05 1.12 0.88 1.07 0.93 0.98 0.8 
| “oe % Total acidity as cit 0.396 0.368 0.368 0.473 0.446 0.532 0.508 0.617 0.681 0.727 0.667 0.649 6 
pH 4.19 1.50 4.24 3.98 4.10 o4 74 8 
ae Brix at ( 7.41 7.28 7.65 7.76 8.72 7.73 9.31 7.90 9.99 7.91 9.49 10.45 11.36 
+e Brix/ Acid 18.8 19.9 20.8 16.5 19.6 14.6 1¥.4 12.8 14.7 10.9 14.2 16.1 17.9 : 
Average score 4.65 4.45 4.10 4.60 5.20 $.05 10 110 255 4.25 3.40 
a Average rank , 2.25 2.05 2.50 2.20 1.85 2.75 1.80 3.05 2.60 38.45 2.55 2.60 2.8 
Average of 20 separate ¢ 
: 


Variety Pearsot Pearson VI 


Sample No 4 21 


Added NaCl, % 0.5 1.0 : 
Added sucrose, % 0 , 
Added 


hemical 


% Salt 


and 
ripening, tomatoes reaching the eanning line may 


the temperature is favorable to post-harvest 
have pH values of 4.5 or higher. Proper control of 
these two factors would help to solve the pH problem. 

Anderson (1) has investigated the factors affecting 
iidic constituents in tomatoes and has indicated that 
the temperature at which the fruits were ripened did 


TABLE 6 


Analyses of variance 


Group 1 Effect lal 
| 
Sour f 
sriatior M } Mea } 
q 
Total 19 
*eatn 1 
Ren ! 144 
(ir Eff cid ntra l'a 1 
reatr 19 
Kem l 
Ls p 
Gre er Table 
I ‘ 14 
lreatm« 14 is 
Varie i 1.9 
Rema i 7 
atmer S.D. a 
Var L.8.D. a 
s ‘ ba 
Significa bat 
Significa at 


Sample ndded, % of 


TABLE 5 
Effect of citric acid and sucrose on chemical and flavor analyses of canned tomatoes 


TABLE 7 
Effect of citric acid and sucrose on drained weight of canned whole tomatoes (CPC No 2 variety, 1959 pack) 
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affect the development of acidity. The occurrence of 


seasonal trends in acidity were inconsistent, and level 
of acidity varied for different seasons and years. It 
may be inferred that the high pH occurring in the 
1957 and 1958 seasons was due to weather conditions 
or delayed harvest. If such conditions should oceur 
again, it would be desirable to acidify the fruit with 
eitrie acid during processing 

Immediately after processing, the pH of the canned 
tomatoes was about the same as that of the fresh fruit. 
After storage for 2-3 months at room temperature, 
the pH of the canned product was 0.2 to 0.3 units 
lower than that of the fresh fruit. This might be 
attributed to (a) the hydronium ion derived from 


hydrolysis of caleium chloride; (b) formation of or- 
ganie acids from degradation of reducing sugars; 


carbon dioxide formation from the browning reaction 
between sugars and amino acids; or (d) other un- 
Known Causes 

Kertesz et al (5) reported that treatment of canned 
calcium chloride improved the 
number of 
tomatoes which remained whole in the can. The re- 


whole tomatoes wit] 


firmness of the fruit and increased the 


sistance of canned tomatoes to physical damage nor- 
mally occurring during shipping was increased. In 
the present investigation, acidification with 0.1 to 
0.4% citrie acid caused a slightly lower drained 
weight Retention was 939, n the unacidified sample 
and 88-89% in the acidified samples. This difference 


could be attributed, in part, to the difference in salt 


Per cent 
ge drair retention, * 
t Drained wt 


Fill wt 


: 
CPC No. 2 hee VF-11 
: 
i ( 0 
— 0.68 1.22 1 0.7 1.15 1 7 1.17 18 6 1.27 1.1 0.68 1.12 1.00 bee | 
% Total acidity 82 0.628 138 693 0.414 647 189 336 60.531 0.586 
pt 1.24 4.27 1.08 1.28 10 1.23 3.80 3.92 
Brix 6.92 7.31 147 6.39 7. 1 1.08 6.39 7.02 9.63 
Brix/ Acid 12.0 16.6 14.8 11.8 14.4 16.7 19.4 13.3 16.5 
Av score 4.9 114 4.10 4.67 14 71 281 67 13 $19 4,10 
Av rank 1.9 21 1.67 1. 00 «1.57 1 1.8 48 2.3 2.14 1.67 
Variety av score 4.24 1.20 43 3.57 
Cale. as NaCl 
Average of 21 separate evaluatior For scores, treatment L.S.D. at 5% leve 1.17; Variety L.S Di a t Bhi 
a 
— Et 
oucros vdded NaCl added Ave get 
% of fill wt velg 
fill wt month cu x 100 
3 
\ 0.0 0.5 19.9 93.0 = 
0.0 0.0 1.0 19 V1.5 
RB 0.1 0.0 1. 20.6 
r 0.1 1.0 1 1.4 19 90.4 ae 
0.0 1.0 19.1 91.8 
I 2.0 1.( 1 18.4 87.1 a 
0 0.0 1.¢ l 89 
G ) 7.0 1 | l 85.9 
H 1 0 88.8 
J 1 ) 89 
Lsp Per cent retention): 2.8 at 95% probability level at probability leve 
: an 
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concentration between the control sample (0.5% salt) 
and the acidified samples (1.0% salt). Siegel (8) 
presented evidence that the addition of table salt to 
canned tomatoes caused softening of the tissues and 
results in a slightly lower drained weight. Kertesz 
et al (35), indicated that the drained weight increased 
from 74.8% in the 
samples treated with 0.067% calcium chloride. It is 
investigation that acid 


retention in the control to 83.6% 


apparent from the present 


and sugar additions cause only minor changes in 


drained weight of the canned product. 


SUMMARY 

Selected lots of California tomatoes were acidified 
with citrie acid to lower the pH and to facilitate heat 
sterilization. Varying amounts of sodium chloride 
and sucrose were added to tomatoes of five varieties 
Three after were 
analyzed for pH, acidity, soluble drained 
weight, and flavor acceptability. Addition of citric 
acid effectively lowered pH but impaired palatability 
The proper combination of citric acid, sucrose, and 
chloride flavor quality over un- 
treated controls within each variety. The Agtron E 
color readings decreased from 66 in under-ripe to 42 
soft-ripe 


months canning, the tomatoes 


solids, 


sodium improved 


in ecanning-ripe, and to 35 in tomatoes. 


Average pH values increased from 4.33 in under-ripe 

to 4.48 in canning-ripe, and to 4.64 in soft-ripe fruit. 

Changes in pH during storage of the canned product 

for 3 months at room temperature are discussed. 
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seTA CAROTENE rocue: 


‘Nature's Yellow'—The Color That Nourishes 


TRUE NATURAL YELLOW COLOR—No tinge of 
green or red. True yellow from Beta CAROTENE 
Roche means consumer satisfaction, repeat sales. 


NATURE’S OWN COLORING — Beta Carotene is a 
natural component of foods, in contrast with most 


Hq A S y | TA M | N A POTE N CY other materials which have been used for coloring. 


GREATER COLOR VALUE — Since Roche Beta 
CAROTENE is pure, it provides more color per gram 
than concentrates of lesser purity. You get more for 
your dollar. 


DOUBLE VALUE—Satfe yellow color and nutrition, 
too. 1.6 million U.S.P. units of vitamin A value are 


LLOW inherently included at no extra cost. 
NO OBJECTIONABLE ODOR OR TASTE~— Anothe: 


advantage to make your good food more easily sold. 


SAFETY — Attested to because of its extensive pres- 
ence in so many naturally safe dairy foods and 
vegetables. 

ORIGINAL ROCHE DEVELOPMENT — Roche re- 
search and manufacturing advances bring you a better 
product. Beta CAROTENE comes right from Roche. 
PACKAGING— Stock blends in vegetable oil of 30°. 
Beta CAROTENE liquid suspension or 24‘. Beta 
CAROTENE semi-solid suspension. Sealed. sanitary 
metal packages. 


Margarine Manufacturers 


@ Get convenience @ Use blended Vitamin A 
and economy. Roche and Beta CARO- 
TENE Roche (with Vitamin 

D2 also if desired). 


Fortify and color your margarine in one operation. 
Roche biends pure Vitamin A and Beta CAROTENE 
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Use of Calcium Hydroxide for Firming Canned 
Green and Red Sweet Bell Pepper’ 


Manuscript received May 9, 196 


W RED OR GREEN sweet. bell 


pepper, Capsicum frutescens, is canned by procedures 
normally recommended for non-acid vegetables, the 
flesh becomes soft and mushy. This is not necessarily 
undesirable for some uses such as in sandwich spreads 
and other similar foods; however, when canned pepper 
is to be used as a substitute for fresh pepper in salads 
and various other food items a firmer product is 
Since the 


above 4.5 it is recommended that it be eanned unde 


usually more desirable pH of pepper is 
steam pressure to insure proper sterilization (3). 


Use of calcium compounds as firming agents for 


canned fruits and vegetables is well known (5, 6, 8). 
Probably the most widely used compounds for this 
purpose are calcium chloride and calcium sulfate. 
Calcium hydroxide has also been used as a firming 
agent; however, its use for this purpose appears to 
have been generally limited to sliced tomato, cueum- 
ber, and melon pickles. The use of minute amounts 
of calcium hydroxide for controlling color in eanned 
vegetables has also been proposed ea? 

Research workers and processors have recognized 
the need for a firmer canned pepper (4, 7). Powers 
et al (7) found that the firmness of canned pimiento 
pepper could be improved by acidification with citric 
acid and the addition of calcium chloride to the con- 
tents of the ean to equalize at 0.077. The shorter 
processing time required, combined with the firming 
effect of the caleium chloride, resulted in a_ firmer 
product. It was reported that the calcium chloride 
imparted a bitter flavor to the canned pepper when 
added at the rate of 0.07%. 

Because of the bitter flavor that reportedly occurs 
in canned pepper containing calcium chloride, a dif 
ferent approach was followed in this study from that 
used by Powers and his group (7). In this investiga- 
tion, fresh pepper was treated with the firming agents 
and the residue removed from the surface by rinsing 
thoroughly with cold water prior to acidification and 


subsequent heat processing. 


EXPERIMENTAL 


Green and red sweet bell peppers of the California and Yolo 
Wonder varieties were used The pods were cored, washed, eut 
into halves and diced into .-in cubes in preparation for the 
firming treatments 

In the in itial phase of this study ealeium compounds were 
evaluated and compared as firming agents for canned pepper. 
These compounds were calcium chloride, caleium sulfate, and 


esleium hydroxide. In making the comparisons between various 


* Approved by the Direetor of Research of the North Caro 
lina Agricultural Experiment Station as Paper No. 1160 of th 


Journal Series 


Maurice W. Hoover 


Horticulture Department, North Caro- 
ina State College, Raleigh, North Caro- 


ina 
firming agents, water w sed as a carrier and the equivalent 
level of calcium was a ted to 0.3% by weight. The treat 
ments consisted of dipping the pepper cubes in water contain 
ing 0.3 ealeium f ! th agitation After the 1l-min 
ealeium dip, the cubes were remover nd allowed to drain for 
different periods of time up to 60 min followed by rinsing with 
cold water to remove tl cium residue remaining on the sur 
fuce of the pepper before | t processing 

The procedure for heat processing the pepper was the same 


throughout this investigation and consisted of the following 


steps: i Firmed and rinsed peppe eubes wert jlanehed for 
2 min, in boiling water, ] 1 hot into No 2 cans and covered 
with a hot aqueous solution containing 1% ecitrie acid and 2% 
sodium chloride b) the ns \ sealed immediately and 
heated for 10 min in free fl ng steam and then cooled with 
cold ter 

After it was determined that calcium hydroxide (lime) was 
the most effective of t] calcium compounds evaluated for 
firming pepper hen ut s a preheat treatment, it was 
selected for further ey on and idy. Various methods of 
applying the lime, duration of treutments and concentrations 
required for optimum results were e) iated 

Caleium hydroxide ~ pplied lifferent methods; 
namely, soaking in ng il me water, and by 
direct application of th r te! Ss ng treatments con 
sisted of submerging pepper cubes i 2, 0.38 and 0.4% lime 
water with agitation f ls of time nging from 0 to 
60 min followe by g rins h ter. The ratio 
of pepper to lime ter ght. Immediately after 
the pepper was treated a used with cold water it was heat 
processed, The second method of | ‘ pplichtion consisted of 
submerging the pepper cubes in 0.2 0.4 and 0.6% lime water 
for 1 min with agitatio1 s ples ere then removed, allowed 
o drain for periods of t inging from 0 to 60 min and 
rinsed to remove the lime residue rhe ratio of pepper to lime 
water in this case was 1: 1% by eight rhe third method of 
lime applieation consisté f plying the dry ealeium 
hydroxide direetly to the pepper cubes at the rate of 0.1, 0.2 
and 0.3% based on the ght of pepper. The lime was mixed 

th the pepper as evel as possil id allowed to remain 
in contact with the cubes for periods of time ranging from 0 
to 60 min before rinsing and subsequent heat processing. 

When pepper halves e firme thout cubing, samples 
were covered with lime wat n tl tio of 1 lb of pepper to 
3 lb of lime water for periods of time ranging from 0 to 3 hr. 
Concentrations of caleiu roxide in the ne water used for 
firming pepper halves were , 0.3 and 4 weight. 


In order to determine whether the eak ivdroxide firming 
treatments were effective over an extended period of storage, 


cubed green pepper was firmed by soaking in 0.1, 0.2, 0.4 and 


0€% lime for 10, 20 and min prior to rinsing and heat 
processing. The canned samples were stored at room tempera- 
ture, which ranged from 70 to 90° F during the storage period. 
Firmness evaluations wet le after 0, 2, 4 and 6 months. 
Firmness was deter ‘ with a Christel Texture meter 
equipped with a drag pi ndieato nd range of 0 to 160 
lb. In making the firmness evaluations, the cell was filled with 
82 g of drained canne I nit operated at a 
speed of 60 rpn Rach s als lined organolepti 
r y to determine whet ! off-flavors resulting from the 


various treatments were evidel 
Data were analyzed by tl inalysis of variance techniques 


from which linear an ises to firming treat- 


ments were tested. 
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RESULTS 


Comparison of firming agents. Calcium hydroxide was much 
more effective as a firming agent for canned pepper than 
Figure 1). The 
firmness response of the pepper to ecaleium hydroxide was 


either chloride or calcium sulfate 


very rapid and increased in a eurvilinear pattern. Beginning 
with an average firmness rating of 26 for the control (0 min), 
a peak rating of 71 was reached after approximately 45 min in 
contact with the calcium hydroxide. After the peak of firmness 
was reached, there was a slight but significant decline. The 
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Figure 1. Comparison of calcium chloride, calcium hydroxide 
and calcium sulfate as firming agents for canned pepper treated 
at the rate of 0.3°% calcium by dipping fresh pepper cubes 1 
minute and allowing them to drain for different periods of time. 
The control or non-treated is indicated by 0 time. 


MIN 


Figure 2. Effect of calcium hydroxide on the firmness of 
canned pepper when applied to the fresh cubes by soaking for 
various periods of time at different concentrations. The control 
or non-treated is indicated by 0 time. 
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firmness of pepper treated with ealecium chloride and calcium 
sulfide inereased very slowly in a linear pattern as the treat 
ment time advanced from 0 to 60 min (Figure 1). Based on 
the maximum firmness reached with the 3 compounds, calcium 
hydroxide was more than 6 times as effective as ecaleium 
chloride or caleium sulfate for firming pepper. 

Effect of soaking in lime water. The firmness of green pepper 
was greatly improved by soaking in lime water (Figure 2). The 
rate of firming was accelerated as the lime concentration in 
ereased, However, the firmness of green pepper firmed with 
0.4% ealeium hydroxide reached a peak after about 30 min 
and began to decline. 

Calcium hydroxide was also effeetive in firming cubed red 
pepper when applied by soaking (Figure 2). Cubes treated for 
30 min or longer with 0.3 and 0.4% lime water were firmer than 
those treated with 0.2°%. 
evident in the firmness of red pepper treated with 0.3 and 0.4% 


Relatively little difference was 


lime. 

Red pepper halves treated by soaking in lime water beeame 
firmer as the treatment duration inereased (Figure 3). The 
| RED PEPPER HALVES 
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Figure 3. Effect of calcium hydroxide on the firmness of 
canned pepper when applied to the fresh halves by soaking for 
various periods of time at different concentrations. The contro! 
or non-treated is indicated by 0 time. 


response of red pepper halves to lime treatments was not as 
rapid as that which occurred with the smaller cubes similarly 
treated (Figure 2). At the end of 3 hr the firmness of pepper 
halves treated with the 3 different concentrations of lime was 
about equal; however, the firmness of pepper halves treated 
with 0.4% lime had reached a peak and ws tending to decline 

Effect of dipping in lime water. When pepper was dipped in 
lime water for 1 min and allowed to drain, an increase in firm 
ness occurred in green pepper cubes as the lime concentration 


ond duration of treatment advanced (Figure 4). A peak of 
firmness was reached in cubes treated with 0.6% lime water 
atter about 40 min and after 50 min when treated with 0.4% 


lime water. Green pepper dipped in 0.2% lime water for 1 min 
continued to advance in firmness throughout the treatment 
period. 

Red pepper cubes did not respond to the lime treatments as 
well as the green (Figure 4). However, the firmness did im 
prove considerably in the red pepper as the lime concentration 


and time inereased. A point of maximum firmness was reached 
with red pepper after approximately 45 min. 
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... flavor by Webb 


Repeat sales (the best measure of customer satisfaction) begin with quality ingredients 
And you start with a competitive edge when you specify flavors by Webb 
outstanding for trueness, delicacy, uniformity and strength. Specialists in flavors 


and custom flavor development for over fifty years. Inquiries invited. Catalog on request. 
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new SENTRY Sorbic is snow-white and free-flowing 


Developed by CARBIDE research just a few years ago, SENTRY 
Sorbic has become one of the most dependable and widely used 
mold inhibitors for control of food spoilage. And because re- 
search in product improvement never stops at CARBIDE, you can 
now get a better Sorbic—a reliable mold and yeast inhibitor that’s 
pure-white and completely free flowing, with little detectable 
odor to affect the flavor or aroma of your most delectable foods. 

Sorbic is widely used in many types of cheese, sliced or cut 
for sale in consumer-sized packages. Pies, cakes, and other 
baked goods can now maintain longer shelf-life—and extended 
saleability—with Sorbic. It is also effective in wines, prepared 


fruits, juices, and vegetables. Low concentrations, usually less 
than '/io of one per cent, protect food products and your 
profits. And, since Sorbic is generally recognized as safe for 
such uses, there is no Food Additives Amendment problem! 

Test new Sorbic in your food products, now! For a water- 
soluble fungistat, you'll find Potassium Sorbate just the inhib- 
itor you need. It’s another development from CARBIDE research! 

For samples of Sorbic or Potassium Sorbate, and technical 
information, write Dept. H, Union Carbide Chemicals 
Company, Division of Union Carbide Corporation, 270 Park 
Avenue, New York 17, New York. 


Sentry and UNion Careipe are trade marks of Union Carbide Corporation 
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CALCIUM HYDROXIDE FOR 


Figure 4. The effect of calcium hydroxide on the firmness of 
canned pepper when applied by dipping fresh cubes for 1 minute 
in lime water and allowing them to drain for various periods of 
time before rinsing. The control or non-treated is indicated by 


© time. 


Effect of applying dry calcium hydroxide. When lime was 
applied directly to the pepper cubes without the use of water 
a earrier, there was a very good firmness response (Figure 
This was particularly true with green pepper. Firmness 
inereased rapidly in green pepper at all levels of lime concen 
tration as the treatment time advanced; however, it was highest 
in cubes treated with 

Red pepper cubes also became firmer as a result of the 
direct lime treatments, but not to the extent that occurred in 
green pepper (Figure 5 Samples of red pepper treated with 
0.2 and 0.3% lime applied directly to the cubes reached a point 
of maximum firmness between 40 and 50 min. Red pepper 
cubes treated with 0.1% lime continued to increase in firmness 
without reaching an apparent peak during the 60 min in con 
tact with the lime. 

Effect of storage. A graphic summary of the effect of lime 
treatments on the firmness of canned green bell pepper over a 
period of 6 months is shown in Figure 6. In this phase of the 
investigation, as in those previously described, the lime-treated 
samples were much firmer than the control which had not been 
treated with ecaleium hydroxide. The regression equation for 


Figure 5. The effect of calcium hydroxide on the firmness of 
canned pepper when applied dry to the fresh cubes. The control 
or non-treated is indicated by 0 time. 


FIRMING CANNED PEPPER 


Figure 6. The effect of calcium hydroxide firming treatments 
and storage on the firmness of canned green pepper. 


firmness of the non-treated pepper (control) during storage 
was Y 5.4 — 0.24X comparison of the regression coeffi 
ecient of the control and those for treated pepper shown in 


Figure 6 indicates that as the storage time advanced a slight 


decline in firmness oceurred in the treated and non-treated 
eanned pepper at about the same magnitude. 

When the canned pepper was examined organoleptically, the 
presence of off-flavors that could be ttributed to lime treat 
ments was not apparent There was a tendeney, however, for 
cubed pepper to become ghtlvy tough when the firmness rating 


ipproachea 90 Ib or higher 


DISCUSSION 


When calcium ions are added to a solution of pectic 
acid a rigid ecaleium pectate gel forms (2). The 
mechanism by which pepper is firmed with caleium 
hydroxide is probably through the production of eal- 
cium peetate by calcium ions and pectic acid or some 
other peetie substanee. The firming of tomatoes by 
the addition of caleium chloride has been attributed 
to the formation of calcium pectate (6) 

It was observed that if the firmed product was not 
rinsed thoroughly before blanching to remove the 
excess lime residue, particularly with the higher con- 
ceitrations, an adverse softening effect occurred dur- 
ing the blanching process. One probable explanation 
is that the caleium pectate formed during the firming 
treatment was dissolved when heated in high concen- 
tration of lime water resulting in a seftening of the 
tissue. This hypothesis is based on the fact that cal- 
cium and magnesium pectate may be modified when 
heated with hot alkal 

Throughout the study it appeared that the green 
or less mature fruits responded more significantly to 
the firming treatments than red or fully ripe, and yet 
the response of the control which was not lime treated 
was more often the reverse. Based on the results 
obtained by other workers (2, 5), one explanation for 
this phenomenon of the less mature pepper respond- 
ing better to calcium treatments might be that the 
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total pectic substances decrease during maturation of 
the fruit and at the same time the pectin content in- 
creases. The more active response of green pepper to 
firming treatments as compared to red was probably 
due to a greater amount of the pectate producing sub- 
stances in green fruits. However, without more proof 
one could not rule out the possibility of a greater 
penetration of calcium ions into green than in red 
pepper. 

When calcium hydroxide is used for firming pep- 
per, it is necessary for it to be in contact with the 
flesh of the fruit before diffusion and firming action 
ean take place. This is apparently due to the fact 
that the outer skin of fresh pepper is less permeable 
to the penetration of the lime. This same factor 
probably accounted for the more rapid firming which 
took place with cubed pepper as compared with 
pepper halves. 


SUMMARY AND CONCLUSIONS 


A study was made to determine the effect of calcium 
hydroxide and other caleium compounds on the firm- 
ness of canned pepper. Among the compounds evalu- 
ated were calcium hydroxide, calcium chloride and 
calcium sulfate. The effects of various methods of 
treating, duration of treatments and ealcium con- 
centrations on the firmness of canned pepper were 
evaluated. The influence of storage on the firmness of 
canned pepper was determined. 

Calcium hydroxide was very effective as a firming 
agent for canned pepper when applied to fresh pep- 
per prior to heat processing. Calcium hydroxide was 


the most effective firming agent evaluated. Good re 
sults were obtained by all three of the methods used 
to apply the lime treatments. Best results were ob- 
tained in cubed pepper when the lime was applied at 
the rate of 0.2 to 0.4%, by weight, for approximatels 
30 minutes followed by a thorough rinse to remove 
the lime residue prior to blanching and heat process 
ing. When pepper halves were treated, it was neces 
sary to extend the treatment time to 2.5 hours or 
longer for optimum results. Green pepper responded 
better to firming treatments than red pepper. 
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Germicidal Effect of Orange Peel Oil and D-Limonene in 


Water and Orange Juice. 
1. Fungicidal Properties Against Yeast° 


Manuscript received May 16, 1960 


‘le INTRODUCTION of frozen orange 
1945-46 outlet for 


processed citrus juices and resulted in an unprece- 


eoneentrate in created a new 


dented expansion of this industry. In Florida, for 
example, during that initial season out of a total 
orange crop of 49,800,000 boxes, less than 1% was 
utilized by the frozen concentrate industry. This 


compares with 1958—59 orang production of 86,000, 


000 boxes, of which 78% of the fruit was consumed 


by the concentrators with an additional 2% being 
processed principally into eanned single strength 
juice and chilled juices (8). 

It is estimated that after the extraction of juice 


from the fruit nearly one-half of the total weight of 
pulp, 


New industries have developed over 


the fruit remains as refuse consisting of peel, 
rag, and seeds 
the years to utilize these enormous quantities of waste 
material. The essential oil found in the peel of fruit 
is one of the products recovered from citrus refuse 
favoring constituent for a variety of food products 


Orange peel oil which is widely used as a 
is referred to as cold-pressed when undistilled, and 
folded distillation 


Commercial p-limonene, more commonly called strip- 


when concentrated by vacuum 


per oil by the citrus industry, is obtained as a by 


produet from the manufacture of citrus molasses c. 
3). It is used as a penetrating oil, base for soap per 
fumes, and as an ingredient for clear plastics. Some 
of the chemical and physical properties of these two 
oils are shown in Table 1 
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TABLE 1 


Chemical and physical properties of cold pressed orange oil and 
stripper oil (commercial p-limonene) 


Stripper 


Ester content 7-24 1-1 
Evaporati 03-0.79 1.07—4.9 
Spe if gravy ‘ a4 a4 
Refractive index n — 1.4713-1.4721 1.4718-1.474 

o tion 6 5.5 15.16—98 
See Essential Oila from Florida Citrus } 1. W. Kesterson and R 
Hendrickson, Bull. 521, Univ. of Fla. Agr. Exy Sta.. Gainesville, Fla 
1953) 
2p-Limonene content of ©.P. orange oil by pe na mmur atior 


from J. W. Kesterson 


44] 


D. I. Murdock and W. E. Allen 


Minute Maid Orlando, 


rida 


Corporation, 


oils antimicrobial 
Maruzzella and Henry (5) investi- 
100 perfume oils 
series of pathogenic and nonpathogenic bac- 
They noted that tested 


lethal properties with greater 


Many of the essential 
properties (5, 6) 
the 


against 


possess 


gated germicidal activities of 


teria and fungi every oil 


remarkable 


pe 


activity against fungi than bacteria. Their investiga- 
range oil or ¢ommercial p-limo- 

Lord and Husa (4) noted that a 1 to 500 dilu- 
of orange oil did inhibit mold 


in agar plates was 


tion did not inelude 
nene., 
tion not completely 


erowth when this dilution of oil 


containing a mixed culture of 


molds. The disinfectant 


inoculated with syrup 


power of lemon and orange 
essences in aqueous solutions against spore-bearing 
organisms was tested by 7) and found to 
be greater than that Hahn and Appleman 
found that cold presse d orange oil exerted a toxic 
This organism was 
peel oil of 1,000 ppm 
decreasing 
0.001% ). 
had no 
Little 


the survival of veast in 


Piacentini 
pheno 
effect upon Streptoc faecalis 
destroyed by eoncentrations of 
0.1%) and 
manner by 100 ppn 
Peel oil 


apparent effect aga 


was rsely alte 


0.01% 


eted in a 
and 10 ppm 
ppm 


faecalis. 


present in “concentrations of 1 


nst Streptococcus 
or no specihe ntormation on 


orange peel oi] and commercial p-limonene was found 
in the literature. 
The 


antimicrobial activity of or 


purpose ¢ 


f this paper was to investigate the 
] 


neel 
aug peel 


oil and commer- 


cial p-limonene in water and in orange juice at various 


pH levels against (a) fungi and (b) lactie acid bac- 


teria. Part 1 will be presented at this time. 
PROCEDURE 

Orange juice used in this stud vas pre red from 42° Brix 
Valencia orange concentrate packe | Minute Maid Corpora 
tion, Plymouth, Flo It was reconstituted with tap water 
to single strength juice by the additio f 3 volumes of water 
to 1 of concentrate, producing lice having a Brix value of 
12.14° and Brix id rat 15.18: 1] After placing 100 ml ali 

ots of the reconstituted orange juice into 250 ml Erlenmeyer 
flasks, the flasks wer stopp Ove wrap ved with paper 
ind sterilized in flowing steam for )} min. The juice after 
sterilization had a pH e of 3.7 nd only a trace of oil was 
present as determin standard « nger distillation. Dis 
lled water (pH 7 s handle n I nmever flasks in 100 ml 
portions in the same manner as was tl lice except that it was 
sterilized in th to ve for 15 min at 15 lb pressure 
50° F 

Orange peel oil ( pressed nd commercial p-limonene 
stripper oil) were obtain luring the 1959 Valencia season 
ind were of commer: 9 lé Phe be referred to in the 


remainder of this pape 
The 


»btained 


range oO nd stripper oil. 


veast 


] 
used 


ccharomyces major, was 


from the eulture eolleetion of Continental Can 


Com 


i= 
a 
: 
a 


juice concentrate. The test organism was grown on orange 


serum agar slants prepared in 8-oz serew-eap bottles and incu 
bated 48 to 72 hr at 30°C (86° F). Each slant was washed 
with 10 ml of sterile water and the suspensions were then com 


bined and placed in a sterile bottle containing glass beads. The 


number of organisms present in this suspension was determined 


by making plate counts on orange serum agar after 72 hr of 


incubation at 30°C (86° F). The suspension was stored in a 


refrigerator when not in use. 


The survival of the test organism in distilled water and in 


orange juice was determined by inoculating the test medium 
in the Erlenmeyer flask so that each ml! after inoculation con 
tained approximately 1,000,000 yeast cells per ml. The actual 
level of inoculum was determined by plating the solution after 


it had been allowed to agitate 3 to 4 min on a magnetic stirrer. 


Then by means of a sterile micropipette, the desired level of 


each oil was added (0.02 and 0.05 and 0.1 ml, respectively, 
equivalent to 0.02%, 0.05% and 0.1% oil by volume). A con 
trol which was inoculated with yeast but contained no oil was 
also included with each test run. The flasks remained on mag 
netic stirrers under constant agitation throughout the test 


period. Plate counts were made in duplicate at hourly intervals 


for the first six hours. Some of the orange juice variables 


were also plated after a 24-hr period. Orange serum agar was 


used as the plating medium and all plates were counted after 
72 to 96 hr of ineubation at 30°C (86° F). Each test was 


made at room temperature which was approximately 25°C 


RESULTS AND DISCUSSION 
The survival of veast (Zygosaccharomyces sp) in 
distilled water (pH 7.0) at oil levels of 0.02%, 0.5%, 
and 0.1% is shown in Figure 1 for orange oil, and in 
Figure 2 for stripper oil. Both oils, as expected, ex- 


hibited their greatest anti-microbial properties at the 
0.1% level. 
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Figure 1. Survival of yeast in distilled water (pH 7.0) con- 
taining C.P. orange oil. 


Orange oil is customarily added to orange concen- 


trate, both frozen and hot-packed, in the range of 
0.01% to 0.02% by volume (reconstituted basis), to 
enhance the flavor of the product. A study was made 
to determine if a concentration of 0.02% orange oil 


in Juice was toxic to the test organism. A comparison 
was also made with stripper oil. From the data (not 
shown in this paper) it was apparent that 0.02% 
orange or stripper oil had no adverse effect on yeast 
during the first 6 hr at 25°C (77° F) but growth 


pany, Chieago, Illinois. It originally was isolated from orange 
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Figure 2. Survival of yeast in distilled water (pH 7.0) con- 
taining stripper oil. 
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Figure 3. Survival of yeast in orange juice (pH 3.7) contain- 
ing C.P. orange and stripper oils. 


occurred thereafter. On the other hand, results in 
Figure 3 indicate no yeast growth or change in micro 
bial population occurred in the product containing 
0.05% orange oil after being held 24 hr at 25° C 
17°F 


Both oils at a concentration of 0.1% in orange juice 


Stripper oil was not tested at this oil level. 


were lethal to yeast which died at a steady rate, as the 
data in Figure 3 indicate. Stripper oil in water as 
well as in orange juice was more toxic to the test or 
ganism than orange oil at any given concentration. 

A study was made to determine if a relationship 
exists between the pH of orange juice and the anti 
microbial properties of orange and st ripper oils. The 
orange juice was obtained from the same lot of orange 
concentrate used for the previous experiments. It was 
reconstituted with tap water and adjusted with an 
hydrous citric acid for values below pH 3.70, and with 
4N NaOH for values above pH 3.70. The juice after 
the desired pH values were obtained was handled i 
Erlenmeyer flasks as previously described. Steriliza 
tion was in flowing steam for product below pH 5.0, 
and for 15 min in the autoclave at 15 lb pressure 
(250° F) for juice above this pH value. The survival! 
of the test organism in orange juice adjusted to pH 
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best for your fruit-flavored foods 


So many fresh fruits get “‘tanginess”’ 
naturally from citric acid! This is 
nature's way of bringing out their 
full flavor. 


Exactly the same kind of tangi- 
ness is insured in your fruit-flavored 
soft drinks, candies, jellies and 
many other products—by Pfizer 
Citric Acid. 


Indeed, Pfizer Citric Acid has 
been a key product to the food 
industry for many years. The words 
“citric acid’’ on countless labels 
have established it as a familiar 
and trusted ingredient. 


Don't gamble on quality and 
consumer acceptance with any- 
thing less than nature’s acidulant 
—citric acid! 


How Pfizer Pioneered in 
Production of Citric Acid in America 


While the advantages of citric acid as a food 
ingredient have long been appreciated, the 
supply was at one time quite limited. Up until 
1880, virtually all the citric acid used in this 
country was made in Europe. In that year, 
Pfizer conceived the idea of importing the 
raw materials from abroad and producing 
citric acid in the United States. The results 
were successful and Pfizer gradually became 
a leading manufacturer of this important 
commodity. 

But production still depended on raw 
materials supplied from overseas. In a far- 
sighted decision around the turn of the 
century, Pfizer began to experiment with 
methods of producing citric acid from do- 
mestic materials. In 1914, this research 
program focused on the possibility of 
fermenting citric acid from a sucrose base. 
Five years later, Pfizer opened a pilot plant 
employing such a process. 

By 1923 the company was convinced that 
it had really found the formula for producing 


citric acid of the highest quality on an eco- 
nomical basis. A commercial production plant 
was put into operation and in 1924 American 
industry was receiving regular deliveries. 

The Pfizer fermentation process proved so 
efficient that by 1939 the price of citric 
acid had been reduced to % the pre-World 
War | price! 

The American food industry was thus as- 
sured a readily available supply of econom- 
ical citric acid from a dependable domestic 
source. 

In addition, by enlisting the assistance of 
the Pfizer Technical Service staff, customers 
have shared in Pfizer's extensive knowledge 
of citric acid and effected sizeable time and 
money savings in product development and 
improvement. 

You will see on the pages that follow 
some of the products in which this versatile 
acidulant serves as a key ingredient—ample 
evidence of the importance of citric acid in 
today’s food industry! 
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TRADITIONALLY BEST FOR SOFT DRINKS 


Citric acid gives soft drinks an authentic, natural tanginess! 
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Citric acid is the acidulant you 
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TRADITIONALLY BEST FOR FRUIT-FLAVORED DESSERTS 


Citric acid gives fruit-flavored desserts that natural tartness! 
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CITRIC ACID 


TRADITIONALLY BEST FOR ICES AND SHERBETS 


Citric acid’s flavor-benefit is that ‘‘little extra’’ so important to true fruit taste! 
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TRADITIONALLY BEST FOR CANNED FRUIT JUICE BLENDS 


Citric acid gives a natural ‘‘lift’’ to real-fruit flavors! 
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TRADITIONALLY BEST FOR FRUIT PRESERVES 
Citric acid helps bring out the tart-sweet goodness of fresh fruit! 
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CITRIC ACID 


TRADITIONALLY BEST FOR BEVERAGE POWDERS 


Citric acid adds the tanginess that contributes to full, rich flavor! 
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WHERE YOU MAY BE USING CITRIC ACID TOMORROW 


In the future, uses for citric acid will extend beyond the 
area of fruit-flavored products. One area where citric acid 
may soon prove important is vegetables, particularly 
canned vegetables. 

Small amounts of citric acid help control the pH level 
in canned tomatoes, beans, carrots and asparagus. Experi- 
ments in canned, whole tomatoes indicate that by con- 
trolling the pH with citric acid it may be possible to reduce 


processing time and/or temperature, resulting in a firmer 
whole tomato. 

It has also been shown that citric acid sequesters trace 
metal contaminants in the pack, thus contributing to the 
quality of canned vegetables. 

Pfizer, world's leading producer of citric acid, will con- 
tinue to keep you informed on valuable new developments 
concerning citric acid—nature’s acidulant. 
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INFORMATION 


TECHNICAL 


a 


Pfizer offers citric acid in two basic forms—anhydrous and hydrous 


CITRIC ACID, U.S.P., ANHYDROUS 


This is produced as colorless, translucent crystals or as a 
pure white powder. It is odorless and has an acid taste. The 
compound is stabie in the presence of light and air and 
resists caking under normal storage conditions. Because 
there is no water of crystallization present, anhydrous 
citric acid is particularly economical. Its reduced bulk 
leads to lower costs for handling, shipping, and storage. 
Furthermore, the lack of water of crystallization assures 
you of a uniform product and permits exact quality control. 


CITRIC ACID, U.S.P., HYDROUS 


This form of citric acid has been available for many, many 
years and is still counted on as a high quality acidulant 
for a wide variety of products. In physical appearance, 
taste and odor, it is similar to the anhydrous compound. 
However, it contains 1 mol water of crystallization (8.58% 
moisture). Stable in the presence of light and air, it will 
tend to lose water at high temperatures or in a dry atmos- 
phere. 

Various salts and esters of citric acid also find wide- 
spread application in the food industry. Two of the more 
prominent, sodium citrate and Citroflex® A-4, are de- 
scribed below. 


SODIUM CITRATE 


This sodium salt of citric acid is a versatile, easily assim- 
ilated product that has many uses in the food industry. 
Used as an emulsifier in cheese products, it produces 
smooth, even melting cheese that slices and spreads easily. 
Similarly, it improves the texture of ice cream. Pfizer 


Sodium Citrate acts as a buffer salt to control the pH in 
jellies, preserves, dessert powders, and canned fruit juice 
blends. And like citric acid, it also brings out true fruit 
flavor. 


CITROFLEX® A-4 PLASTICIZER 


Non-toxic, odorless, Pfizer Citroflex A-4 has been ac- 
cepted by the Food & Drug Administration for use in pack- 
aging for both fatty and non-fatty foods. Citroflex A-4 
(Acetyl Tributy! Citrate) shows excellent results in plasti- 
cized vinyl films for meat wrapping, vinyl coating for food 
containers and hot drink cups, and vinyl plasticizers for 
food jar liners and sealing rings. In addition, Pfizer Citro- 
flex A-4 is excellent in polyvinyl acetate adhesives. Low 
in cost and high in performance Pfizer Citroflex A-4 is 
finding wide use in plastic coatings for the food industry. 


PHYSICAL PROPERTIES 
OF PFIZER CITRIC ACID 


Anhydrous 
Formula C.H,0, H20 
MolecularWt. 192.12 210.14 
Density 1.67 1.54 
Melting Point 153°C Loses water 
Solubility, 25°C 
Water 161.8gm./100ml. 208.6gm./100 ml. 
Alcohol 59.1gm./100mli. 90.4gm./100 ml. 
Ether 0.75gm./100 mi. 1.6gm./100 ml. 


Hydrous 
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Science for the world’s well- being 


CHAS. PFIZER & CO., INC. 
Chemical Sales Division 
630 Flushing Avenue Brooklyn 6, N. Y. 


Branch Offices: Clifton, N. J.; 
Chicago, Ill.; San Francisco, Calif.; Vernon, Calif.; 
Atlanta, Ga.; Dallas, Tex.; Montreal, Canada 


GERMICIDAL EFFECTS OF ORANGE 


3.0, 3.50, 4.0, 5.0, 6.0 and 7.0 was studied. However, 
for sake of simplicity, only the results obtained at pH 
3.0, 4.6, 6.0, and 7.0 are reported in this paper (chemi- 
cal analyses of these juice variables are shown in 
Table 2). 

The survival of yeast in orange juice containing 
0.1% orange oil at the above pH values is shown it 
Figure 4, and for 0.1% stripper oil in Figure 5. 
From the data it will be noted that in the control 
juice samples (product inoculated with the test or- 


ganism only) little or no yeast growth occurred at 


TABLE 2 


Chemical analysis of reconstituted orange juice adjusted to 
various pH levels by addition of sodium hydroxide 
and citric acid 


pH Brix % Citric acid? 
12.17 

3.7 12.14 8 
1.0 12.1 
f 11.91 1¢ 
7.0 11.80 4 

Anhydr citric acid by weight 

( re ited orange ice with no pH ljustn J 
adjusted to pH { with crystalline anhydrous itric acid and with 


4N NaOH for values above pH 7 
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Figure 4. Survival of yeast adjusted to variois pH levels and 
containing 0.1; C.P. orange oil. 
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Figure 5. Survival of yeast in orange juice adjusted to vari- 
ous pH levels and containing 0.1% stripper oil. 
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in 6 hr, but after 24 hr a sizeable in- 
A concen- 


25" 
erease in total viable count was obtained. 
tration of 0.1‘ 
able difference in toxicity on yeast between pH 3.0 
and 4.0, and between pH 6.0 and 7.0. However, the 
lethal action of the oil on this organism was greater at 
the two higher 


orange oil in juice showed no appreci- 


pH values than it was at the lower 
levels. On the other hand, there was a much sharper 
stepwise correlation between pH of the juice and the 
toxic effect of 0.1% stripper oil on yeast ; the oil being 
more lethal as the pH of the 
example, in one test, orange juice adjusted to pH 3.0 
with citric acid and containing 0.1% stripper oil had 
a yeast population of 100,000 organisms per ml 3 hr 
after inoculation with 1,000,000 yeast cells per ml. 
Another sample of juice adjusted to pH 7.0 with 
NaOH contained no viable organisms on a 1 to 1 dilu- 
tion plate after a like period. Similar results were 
also obtained 24 hr later indicating the juice was 
apparently sterile 


juice increased. For 


A comparison was made of the two oils to show the 
required to obtain a 
1,000,000 


These rela- 


time in hours at 25° ¢ is 
99.9% reduction in the yeast population 
veasts per ml to 1,000 organisms per ml 

tionships for water pH 7.0) and for reconstituted 
orange juice (pH 3.70) at oil levels of 0.02, 0.05, and 
0.1% are shown in Table 3. To obtain a 99.9% redue- 


TABLE 3 


Hours required to obtain 99.9% reduction of initial inoculum of 
1,000,000 yeast/ml in distilled water (pH 7.0) and 
in orange juice (pH 3.7) 


1 r ( g ind stripper oil 
1 
( at i 
Stripper oi 
Orang 
| ‘ Wa rang 
juice 
4 7 
had 
Reduction of 99.9 t btained 24 hou yeast population 
i » chang i 
I extrapola £ 


tion in yeast population with 0.1 


orange oil, it 
required 1.6 hr in water in comparison with 33 hr in 
orange juice; for stripper oil, 0.4 hr in water in con- 
trast to 7.2 hr in orange juice. A similar comparison 
of lethality values for yeast in orange juice adjusted 


to various pH. levels is shown in Table 4 for 0.1% 


TABLE 4 


Hours required to obtain 99.9% reduction of initial inoculum of 
1,000,000 yeast,/ml in orange juice adjusted to 
various pH levels 


Comparison of t < een C.P. orange oil and stripper oil 
H i ( 
I i H 6.0 pH 7.0 
C.P. 24 4 5.4 
0.1 Stripper Oi 4 2.0 1.6 
Red ior 19.9 i d owth rring a 
1) 
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concentration of each oil. The data indicate that for 
orange oil more than 24 hr were required to obtain 
a lethality of 99.9% at pH 4.0 in contrast to 5.8 hr at 
pH 7.0. On the other hand, stripper oil required 4.7 
hr at pH 4.0 in comparison with 1.6 hr at pH 7.0. 

It was noted during the course of this investigation 
that orange oil enhanced the fungicidal effect of 
sodium benzoate against the test organism. This is 
shown in Figure 6 for distilled water, and in Figure 
7 for reconstituted orange juice (pH 3.70). The data 
show that 0.01‘ sodium benzoate in water had no 
apparent effect on yeast while orange oil in a concen- 
tration of 0.02‘; was only slightly toxie to this or- 
ganism, On the other hand, by adding both com- 
pounds to water at the above concentrations a decided 
inerease in lethal action against the test organism was 


O'% Ne BENZOATE 


Ors No BENZOATE 
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Figure 6. Survival of yeast in distilled water (pH 7.0) 
taining sodium benzoate and C.P. orange oil. 
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Figure 7. Survival of yeast in orange juice (pH 3.7) contain- 
ing sodium benzoate and C.P. orange oil. 


obtained. Stripper oil in' water in combination with 
benzoate was even more effective against yeast than 
orange oil. A similar relationship between benzoate 
and oil is shown in Figure 7 where these materials 
were added to orange juice (pH 3.70). In this test, 
orange juice containing 0.02% orange oil and 0.1% 


sodium benzoate exhibited a greater lethality against 
the test organism than the combined individual toxic 
effects of each compound in orange juice. 

The synergistic effect of orange oil on sodium ben- 
zoate is of extreme interest because it might make 
possible use of lower levels of benzoate and thus mini 
mize off-flavors typical of that compound. 

During the study there was no evidence that the 
concentration of orange or stripper oils introduced 
into the plates while making serial dilutions were 
fungistatie to the test organism. 

As matter of interest, the survival of the test or 
ganism in orange juice containing 0.1% refined pea 
nut oil was determined and found to exhibit no lethal 
properties (Table 5). 


TABLE 5 


Survival of yeast in orange juice pH 3.7 containing 0.1‘; 
refined peanut oil 


Number of hours at 25° ¢ 


00.000 
190,000 


As previously stated, stripper oil was more toxic 
against Zygosaccharomyces sp under all conditions 
investigated than orange oil. The hydrogen ion con 
centration of the test medium had a greater influence 
on the lethality of stripper oil than it did on orange 
oil. The mechanism of action of the antimicrobial 
activity of the two oils studied is not known nor is the 
apparent synergism with sodium benzoate. It is sus 
pected p-limonene is the principal antimicrobial com 
ponent since this compound is present in such high 
concentrations in both orange oil (90 to 95°) and 
stripper oil (95 to 98% However, it is not clear 
why stripper oil should be so much more lethal than 
orange oil. 

Maruzzella and Henry (5) in their studies on the 
antimicrobial activity of perfume oils suggest that 
common toilet articles such as soaps, creams, sham 
poos, lotions, ointments, ete., be treated with perfume 
oils which when applied externally for various hy 
gienic purposes would kill microbes in the area of 
application. It is entirely possible that orange oil and 
stripper oil may have similar application. Also the 
use of small quantities of stripper oil in paints to 
prevent mildew may have potentialities 

It is hoped that the data presented in this paper 
will arouse interest in the commercial application of 
these oils as antimicrobial agents. 


SUMMARY 


Fungicidal effect of orange peel oil and p-limonene 
(stripper oil) was determined against Zygosaccha 
romyces major in water and in single strength orange 
juice at 25°C. Both oils exhibited lethal properties 
in water (pH 7.0) in concentrations as low as 0.02%, 
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GERMICIDAL EFFECTS OF ORANGE PEEL OIL AND 


while in orange juice 0.1% was required. p-limonen: 
was more effective than orange peel oil in both water 
and orange juice. 


The fungicidal properties of these oils in orange of Ag {7 
juice adjusted to various pH levels were determined. Hann, S 
It was found that orange peel oil and p-limonene were frozen 01 
more effective at pH 6.0 and 7.0 than they were at pH survival of 
3.0 and 4.0. Orange juice adjusted to pH 7.0 with Food Teel 
NaOH and containing 0.1% p-limonene was sterile 3 ml yen Ld 


hours after being inoculated with 1,000,000 yeast cells 
per ml. In juice adjusted to pH 3.0 with citric acid, 


{ 
there were 100,000 viable cells per ml remaining at : - 7 
the end of a like period M ; 
Results of this study indicate that the preservative cro 
properties of sodium benzoate ean be greatly en Issoc., Se 
hanced by the addition of orange peel oil and pb 6. M ' 
limonene in concentrations as low as 0.02%. It vitro antil 


appears that these oils are synergistic to sodium 


benzoate. 
‘ i { 
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Effects of Partial Pumping on the Shrinkage, 


Rancidity Development, and 
Palatability of Aged Hams’ 


Manuscript received April 25, 1960 


Acen HAMS are often not uniform 
in quality. They sometimes shrink as much as 30% 
during the aging period (2). New techniques are 
needed to make a more uniform product and to reduce 
shrinkage. Pumping is used in curing hams to hasten 
the introduction of curing ingredients into all the 
tissues. This effectively reduces spoilage, curing time, 
and shrinkage and enables a packer to produce a 
more uniform product. However, pumping is gen- 
erally considered as unsuitable for hams to be aged. 
Hams for aging are usually dry-cured. It has been 
shown (4, 5) that the concentration of salt in the out- 
side inch of dry-cured hams may be as much as 10 
times greater just after curing than the concentration 
in the center of the hams. Partial pumping should 
partially equalize this distribution. This projeet was 
devised to test whether a combination of pumping and 
dry-cure would enable one to produce satisfactorily a 
more uniform product with less shrinkage. 


EXPERIMENTAL METHODS 


Sixty-four regular style hams from Hampshire and Duroe 
hogs were divided into 8 groups. Groups 1d, 2d, 3d, and 4d 
were dry-cured; groups lp, 2p, 3p, and 4p (which were paired 
mates of hams in groups ld, 2d, 3d, and 4d respectively) were 
eured by a combination of pumping and dry-euring. The dry 
cured hams were cured with a mixture of 7% Ib salt, 2% lb 
oz potassium nitrate, and 1 oz sodium nitrite 
This mixture was applied in 3 applications 
at 3-day intervals. A pumping solution was prepared by mixing 
the above dry mixture with water to form an 85° pickle. Hams 
in groups Ip, 2p, 3p, and 4p were pumped to 4, 6, 8, and 10% 
respectively of their weights and then rubbed with enough of 
the dry mixture to bring the total eure to the amount used on 


white sugar, 2 
per 100 Ib hams. 


the dry-cured hams. 

All hams were cured for 21 days at 36-40° F (2.2-4.4°C). 
They were then smoked at a smokehouse temperature of 100° F 
(57.8°C). They were aged at 65° F (18.3°C) with a relative 
humidity of 55-60% for 6 months. Hams were weighed to the 
nearest 0.01 lb while fresh, after pumping, after curing, after 
smoking, and after each month of aging. Fat samples were 
removed from the skin side of the fresh and smoked hams and 
after 2, 4, and 6 months’ aging. After 6 months’ aging, the 
hams were cut, photographed, and observed for soundness and 
for palatability studies 
Seam fat was 


aroma. Two center slices were used 
and a third was used for salt (NaCl) analysis. 


removed from the shank portion for analysis. 


All fat 
et al (2). 


samples were vacuum rendered as deseribed by 


Characteristics of external fat were deter 

“ The investigation reported in this paper relates to a project 
of the Kentucky Agricultural Experiment Station and is pub 
lished by permission of the Director. ' 
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James D. Kemp and 
W. Y. Varney 


Department of Animal Husbandry, Uni- 
versity of Kentucky, Lexington, Ken 
tucky 


mined by iodine-numbers, peroxide numbers, and free fatty 
Free fatty acid values and peroxide numbers were 
determined on the 6-month seam fat. Salt analysis was deter- 
mined as outlined by Blumer (1). Ham slices for the palata 
bility oven. The semimem 
branosus, semitendinosus, and biceps femoris muscles were used 
fur tasting by 7-10 panel members, with each panel member 
receiving duplicate samples of the same musele at any one 
test. They were seored on a hedonic seale for flavor, saltiness, 
tenderness, and over-all satisfaction. 

Analysis of t-distribution as 
Snedecor (3) were used for statistical analysis. 


acid values. 


study were broiled in an electric 


varianee and described by 


RESULTS AND DISCUSSION 


Shrinkage. Table 1 shows the average shrinkage 
values for all groups and periods. Shrinkage signifi 
cantly increased each month in both dry-eured and 
pumped hams. Pumping significantly reduced shrink 
age during curing, smoking, and at each period of 
aging. Although there were considerable differences 
among groups for shrinkage of dry-cured hams the 
differences were not significant. This variation was 
probably due to the fatness of the hams, as the hams 
in groups lp and 1d were fatter than those in other 
groups. There were no significant differences among 
pumping rates for the pumped hams. 

Iodine numbers. lodine numbers were not signifi 
cantly affected by time, treatment, or interaction 
Table 2 gives the mean iodine values for all groups. 

Peroxide numbers. Peroxide numbers for external 
fat increased significantly with aging in both pumped 
and dry-cured hams. They were rather erratic within 
groups as aging proceeded, with little difference due 
to curing procedure or pumping rate. Table 3 gives a 
summary of peroxide numbers. 

The mean peroxide numbers for seam fat of hams 
aged 6 months was much lower and less erratic than 
for external fat. The level of pumping did not signifi 
cantly affect peroxide values of seam fat. However, 
as the pumping level increased the peroxide number 
tended to increase. Table 4 shows these values. Fat 
from dry-cured hams showed significantly higher 
peroxide numbers in all groups except group 4. 

Free fatty acids. Free fatty acid values of externa! 
fat showed a steady significant increase during aging 
with no appreciable differences due to curing method. 
Table 5 shows the mean values for all hams. 

Free fatty acids developed in the seam fat at 
approximately the same rate as in the external fat 
for dry-cured hams. There were no significant differ- 
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Preparative gas chromatography points to new standards of purity. The Megachrom’s* large 
sample capacity, 100 times larger than that of typical analytical instruments, is a potent new tool 
for the research chemist. Chromatographic resolution of large volume samples, up to 20 cc, 
quickly and conveniently isolates workable quantities of fractions that are 99.99 + % pure—so pure 
that they re-define established infrared standards. Infrared spectra of ultra-pure trace compo- 
nents now can serve to identify low ppm concentrations of flavor- and odor-causing contaminants, 
and trace impurities resolved from raw material inputs or finished products. % The Megachrom 
is a convenient means of separating and purifying the components of basic process streams for 
reaction studies aimed at improving process efficiency and controlling undesirable side reactions. 


For complete information, write us for Data File 84-9-04. Beckman: 
Scientific and Process Instruments Division 
Beckman Instruments, Inc 


*TRADEMARK., BI Fullert California 
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ski lodge . . . your prepared meat product wins its 
SOLUBLE approval on one basic factor .. . TASTE. Not only good taste 
SPICES FOR —but the consistent good taste of quality seasonings main- 
PREPARES MEATS tained at a uniform strength level. SPISORAMA SOLUBLE 
° Pesper Shiite SPICES not only provide this consistency, but give you as well 
* Ginger Thyme the purest, most dispersable, even-spreading and economical 
. ene a type of seasoning product available today. Used straight, or 
* Coraway Sage formulated into a quality blend to fit your specific require- 
ments .. . SPISORAMA SOLUBLE SPICES are your best sea- 

soning buy . . . for any season! 


A a beach picnic, or over a roaring fire in a winter-bound 


Write for copy of “‘The Changing World of Food"’. 


OUR 161st YEAR OF SERVICE 


DODGE & OLCOTT, INC. 


180 Varick Street, New York 14, N. Y. 


Sales Offices in Principal Cities 


Essential Oils 

Aromatic Chemicals 
Perfume Bases 

Flavor Bases 

Dry Soluble Seasonings 
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EFFECTS OF PARTIAL PUMPING ON QUALITY OF AGED HAMS 447 


TABLE 1 


Ham shrinkage 


*umped hams per 


Smoked 


ired hams 


TABLE 6 


Mean free fatty acid values of seam fat from hams 
aged 6 months 


TABLE 2 


Mean iodine values 


TABLE 3 


nped hams 


Average peroxide numbers for external fat Sigt ed pumped hams 
i aging 
i 
Salt. Although there was al increase in salt con 
tent of the pumped hams with an inerease in pumping 


rate. the differences were not sienificant. In all cases, 


the pumped hams were significantly higher in salt 


content than their dry cured mates. This is shown in 
lable 7 


TABLE 4 
Mean peroxide numbers for seam fat from hams aged 6 months 
TABLE 7 
pau Mean sodium chloride percentages 


imped hams 


TABLE 5 


Mean values for free fatty acids in external fat Ham quality and appearance. The hams were ob- 
served after cutting for color, veneral appearance, 


Period of aging 
atime rer Smoked Me 6 Me and aroma. Color ratings used were dark red, red, 
and light red. The aroma ratings were typically aged, 
Dry-cured 17 16 1.64 ».B0 moderately aged, and slightly aged. Most of the dry- 
Signifieant at .0! ods of aging eured hams were rated as red and typically aged. 
Group lp of the pu iped hams resembled the dry- 
cured hams. The other pumped groups were generally 
ences due to rate of pumping. Fatty acids developed light red in eolor and varied in aroma scores. One 
significantly faster 1 the seam fat of pumped hams ham in group 4p was sour, and several, mostly in 
than in the paired drv-cured hams This is shown in groups 2p, 8p, and 4p showed green and yellow spots. 


Figure 1 shows representatives of the different groups. 


Table 6 
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Ham pumped 6% and dry 
cured mate 


Ham pumped 40 and dry 
cured mate 


Ham pumped 10% and dry- 
cured mate 


Ham pumped 8% and dry 
cured mate 


Figure 1. Cross sections of paired hams, 


Palatability tests. A hedonic scale scoring table was 
used for evaluating flavor, saltiness, tenderness, and 
over-all satisfaction. The highest possible score (9.0 
was like extremely, and the lowest possible score (1.0) 
was dislike extremely. The values are given in Table 8. 


TABLE 8 


Mean panel palatability scores 


Pumped hams 


Over-all 


tir as Te 
ine renderne 


6 

7 
6.62 


compared with corresponding groups 


en compared with corresponding groups 


Analysis of variance showed no significant differ- 
ence in flavor, tenderness, or over-all satisfaction 
among the pumped hams. Saltiness was significantly 
less desirable, however, in group 4p than in group 2 
The dry-cured hams scored significantly higher than 
pumped hams in flavor, saltiness, and over-all satis- 
faction, but curing method had no effect on tender- 
ness. When groups lp (4% pump) and 1d were com- 
pared, only saltiness showed a significant difference 


indicating that group Ip was quite similar to dry- 
cured hams. 


SUMMARY 


Sixty-four hams were divided into eight equal 
groups. Four groups were dry-cured, and the com 
panion hams in four groups were partially pumped 
with an 85° pickle made from the dry-cure mixture 
to 4, 6, 8, and 10% respectively, and were than rubbed 
with dry-cure mixture to allow the total curing in- 
gredients to equal the dry-cured groups. All hams 
were cured for 21 days at 36-40° F (2.2-44° ©) 
After smoking at a smokehouse temperature of 100° F 
(35.6° C), the hams were aged for 6 months at a tem- 
perature of 65° F (18.3° C) and a relative humidity 
of 55%. Hams were weighed to the nearest 0.01 
pound when fresh, after pumping, after curing, after 
smoking, and at monthly intervals for the 6 months 
aging period. Fat characteristics of external fat were 
determined by iodine numbers, peroxide numbers, 
and free fatty acid content. After 6 months aging, 
fatty acid content and peroxide numbers were deter 
mined for seam fat. Hams were cut and observed for 
color, soundness and odor. Two slices were broiled for 
palatability study, and a third slice was analyzed for 
sodium chloride. 

Shrinkage increased throughout the processing and 
aging period, with the greatest amount occurring 
during the first month of aging. Pumping reduced 
shrinkage throughout aging. lodine numbers were 
not affected by method of curing. Peroxide numbers 
and free fatty acid content increased during aging 
with no significant difference in external fat due to 
method of curing. Free fatty acid content was higher, 
and peroxide numbers were lower in seam fat of 
pumped hams. Salt content was higher in pumped 
hams with a general increase as the pumping rate 
increased. With the exeeption of hams pumped 4% 
dry cured hams were sounder, showed a more de 
sirable color, and were scored significantly higher by 
a palatability panel for saltiness, flavor and over-all 
satisfaction with no difference in tenderness. Hams 
pumped 4% were quite similar in quality to dry 
cured hams. 
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Studies on the Application of Infrared 
in Food Processing: 


Ins RARED RADIATION as a source of 
heat has been studied for a number of applications in 
In sev 
2), the 


the blanching of celery and 


the food processing industry (1, 10, 11, 17 
eral 


roasting 


such as the macaroni 
of coffee . (7 

apples prior to freezing (4) and the peeling of apples 
offered 


it sources or processing techniques 


CUuSeS, 


drying of 


infrared reportedly advantages as com 


pared to other hes 
These advantages differed in each particular case and 


varied from faster drying to improved flavor and 


texture. In other instances the use of infrared was 


technical or ee 


ind Staley (16 


stated 
iften 


not successful because of rea 


that 
clue to 


13, 16). Shuman 
the disappointing results obtained were 
popular misconceptions of infrared radiation, 
to its 


ested 


espe 
characterist ics 
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studies 


cially with 


uses of infrared 


respect penetration 
that an 


include 


workers suge evaluation of 
fundamental 
on the properties of the heat source and the 
produce. 
lack ot 
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should 
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tion characteristics of the survey 
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available 
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apples (3) infrared radi 
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In recent vears, the manufacturers of infrared 
equipment have produced high energy content infra 
1000-5000 watts) in the form of quartz 
(14), which 
than the old 

250-1000 


The changes in lamp design promise wider 


red radiators 


lamps (9), quartz tubes (9) and calrods 
can be installed with greater convenience 
bulb type lamp of low energy content 
Watts 
application in many industries, ineluding the food 
processing industry (5, 15) 

The present study was designed primarily to evalu 


The 


basic procedure consisted of determining the degree 


ate the three high energy, infrared radiators 


of heat penetration in apple tissue as effeeted by 


radiant energy produced by quartz lamps, quartz 


tubes and ealrods. In addition, an evaluation of the 
food 


heating is ineluded 


following processing applications of infrared 
blanching of apples, celery and 
peas, the produetion of french fries, and the braising 


of stewing beef for canned stew. 
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1000 and 1300° K; the color temperature range for calrods is 
between 1000 and 1150° K. 

In order to study the effeets of over and under-voltage 
operation of the quartz lamps and quartz tubes, the wiring 
diagram included a transformer (5kva), a variae (5.2 kva) 
and a double pole double throw switch (50 amps In this way 
the input voltage of these radiators could be varied between 
420 and 670 volts. Similarly, the upper heating panel of the 
ealrod tunnel could be equipped with two 3000 watts units for 
in series operation at their rated 550 volts, or with two 3000 
watts units for in series operation at 550 volts instead of their 
rated 460 volts. 

The color temperature of the quartz lamps under the various 
conditions of voltage input was measured by means of a mega 
tron pyrometer; the color temperatures of the quartz tubes 
and ealrods were measured with a radiation pyrometer.* The 
locations of peak wavelength were then caleulated according to 
Wiens’ displacement law 

The energy output of the upper panel of the quartz lamp, 
quartz tube, and ealrod tunnels under the various conditions of 
voltage input and exposure distance was measured with a suit 
able thermopile and potentiometer." The design, calibration 
and operation of this thermopile, together with data on the 
energy pattern in the heating tunnels, are deseribed in a sepa 
rate publication (@). It should be pointed out that this thermo 
pile measured total energy output of each radiator, regardless 
of the spectral distribution. 

Concomitant with the energy measurements by means of the 
thermopile, the heat penetration into apple tissue was deter 
mined as follows: eylindrical apple sections, 14% in long by % 
in diameter, were cut from Faney grade Northern Spy apples. 
The maturity range of the apples was 12-14 Ib firmness, as 
measured with the Magness and Taylor pressure tester. The 
apple sections, which were free of core and skin tissue, were 
cut immediately before use. In each test 20 apple sections were 
placed upright in the centre of the wire belt tray. The distance 
between the sections was approximately % in. The tray was 
then placed in the heating tunnel and exposed to the radiation 
from the upper heating panel. After the selected exposure 
time, the apple sections were removed and eut longitudinally 
into two equal portions. The peroxidase activity of the cut 
surface was determined by applying a few drops of .1% solu 
tions of guaiacol and hydrogen peroxide. The depth of heat 
penetration was defined as the thickness of the layer of peroxi 


dase negative tissue. 


RESULTS AND DISCUSSION 


|. Study of energy penetration 

In Figure 2 are summarized the data on heat pene- 
tration produced by quartz lamps, quartz tubes, and 
calrods. Results indicate that depth of heat penetra- 
tion is affected by type of radiator, voltage input, and 
energy output. However, the interpretation of the data 
should be subjected to the following considerations: 
a. the absorption spectrum of water, b. the absorp- 
tion spectrum of water vapour, ¢. the spectral emis- 
sivity of fused quartz. 

The absorption spectrum of water, Figure 3, indi- 
cates that radiation of wavelength shorter than 1.4 me 
is not absorbed by a 10 mm layer of water. Therefore, 
the energy of wavelengths less than 1.4 me should be 
subtracted from the energy value as obtained with 
the thermopile. 

It may be expected that the atmosphere between the 
radiators and the apple sections on the wire belt con- 
tains a considerable amount of water vapour due to 
evaporation from the apple sections. For example, 


Megatron Corporation, 
* Leeds and Northrop. 


" Rubicon Company, Cat. No. 2745. 
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Figure 2. Heat penetration into apple tissue by three infrared 
sources during 5 minutes exposure at various voltage inputs. 


it was found that during a 5 min exposure time at 
1.36 watts per em?, the apple sections lost approxi 
mately 11% of their fresh weight. In Figure 4, it is 
shown that little radiation beyond 5 me will pass 
through water vapour. Therefore, energy of wave- 
lengths beyond 5 me should be subtracted from the 
energy value as obtained with the thermopile. 

Data compiled by Barber (5) on the emissivity of 
fused quartz show that the fused quartz envelopes do 
not transmit radiant energy beyond 5 me. Nearly all 
energy of wavelengths beyond 5 me is absorbed by the 
fused quartz envelope and is not available as radiant 
energy to the apple sections. 

On the basis of these considerations a correction 
was applied to the energy levels as obtained with the 
thermopile. The percentage of energy between wave 
lengths 1.4 and 5.0 me was ealeulated for each radi 
ator. The procedure for this caleulation has been 
deseribed (8) and is based on the laws of Planck, 
Stefan-Boltzmann and Wien. 

Based on the data presented in Figure 2, the heat 
penetration at a ‘‘eorrected’’ energy level is sum 
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Figure 3. Spectral transmittance for a 10 mm layer of water (:). 
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APPLICATION OF INFRARED IN FOOD PROCESSING 


TABLE 1 


Heat penetration into apple tissue after 5 minutes exposure to three types of infrared 
radiators at voltage input of 535 volts 


Energy as 
Radiator er 
thermopile 


2 


watts /em? 
1.36 
1.36 
1.36 


marized in Table 1. The data indicate that the depth 


of penetration corresponds closely to the amount of 


energy available for each radiator between wave 
lengths 1.4 and 5.0 me. 

Krom the data for quartz lamps and quartz tubes 

Figure 2) it appeared that the depth of penetration 
decreased with increased voltage input. In Table 2 
are presented the amounts of ‘‘corrected’’ energy 
required at various voltage inputs to produce 4 mm 
venetration into apple tissue. Results indicate that 
at a voltage input of 535 volts, the energy outputs re 
quired on the basis of thermopile data would be 1.35 
1.03 and 1.10 watts per em* for the quartz lamp 
juartz tube and ecalrod, respectively. However, on the 
basis of ‘‘corrected’’ energy levels these figures change 

75 and .74 watts per em.” Furthermore, the 
imount of ‘‘corrected’’ energy required from quartz 
lamps for 4 mm penetration decreases with increased 
voltage inputs. In the case of quartz tubes the amount 
f “corrected”? energy required inereases with in 
‘reased voltage inputs. In other words, the efficiency 
of quartz lamps increases with increased voltage in- 
put and the efficiency of quartz tubes decreases with 
increased voltage input 

It may be noticed in the present study that the 
infrared absorption spectrum of apple tissue has not 
been considered. The infrared absorption charac- 
teristics of apple solids become important only during 
the advaneed stages of dehydration and do not apply 
to experiments where short exposure times are used. 


II. Application to products 

a. Blanching of celery. The harvesting season of 
celery in Ontario is limited to a 6-week period during 
September and early October. This period coincides 
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Figure 4. Absorption spectrum of water vapor (.). 


Standard 
error 


Corrected 


TABLE 2 
Effect of type of radiator and voltage input on the amount of 
energy required to produce 4 mm heat penetration 
in apple tissue 


Corrected” energy 
required between 
1.4 and 5.0 microns 


watts /cm* 
81 


4 


with optimum canning activity for tomatoes and 
therefore the production of celery soup is delayed 
until the winter months. However, celery cannot be 
stored for more than 30 days in cold storage (38° F) 
and in order to have a supply of celery for soup stock, 
the celery is frozen during the harvest season for re- 
manufacture at a later date. If celery is not ade- 
quately blanched before freezing a bitter flavor de- 
velops during storage. The customary procedure is to 
trim and cut celery stalks into % in pieces, followed 
by a steam or boiling water treatment of 3 to 4 min. 
The product is then packed in 30 lb bags and frozen 
immediately. 

In preliminary experiments it was noticed that the 
cut celery, after exposure to infrared for 3 to 6 min, 
would be peroxidase negative except for the outer 
5 mm layer of surface tissue. The peroxidase activity 
in this region could be eliminated by dipping the 
celery in boiling water for 15 seconds prior to ex- 
posure to the infrares The procedure adopted for 
infrared blanching of celery is briefly as follows: 
celery stalks, free of leafy tissue, were cut in 1% to 6 in 
lengths, dipped for 15 seconds in boiling water, ex- 
posed to infrared radiation from quartz lamps for 2 
to 3 min, packaged in polyethylene bags and frozen 
immediately. The wattage requirement from the up- 
per and lower heating panels was approximately 1.50 
watts per em* per panel, as measured with the thermo- 
pile. Accompanying weight losses of the celery were 


> 


between 25 and 35‘ Load density of the fresh pro- 
duce was approximately 1 lb per sq ft of belt. 

After freezing and storage at 0° F for 3 and 6 
months, samples of infrared- and water-blanched 
The infrared- 
blanched celery was considered superior in flavor and 


celery were evaluated organoleptically. 


texture and equal in appearance as compared with the 
water-blanched product. One Canadian firm has used 
the infrared procedure on a commercial scale and in 
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1958 and 1959 more than 1 million Ib of celery were 
prepared in less than 8&8 weeks. 

b. Blanching of 
ing of apple slices results in a considerable loss of 


apples. Steam or vaeuum blanch- 


apple flavor. In an attempt to improve the flavor and 


general quality, infrared blanching was studied for 
the varieties Northern Spy, Sandow, Cortland and 
Maelntosh As in the case of celery, a short dip in 
boiling water was necessary to inactivate peroxidase 
in the surface laver, especially around the core tissue. 
All varieties, when sliced in 8 or 10 sections, required 
a4 to 5 min exposure from quartz lamps. The wattage 
requirement from the upper and lower heating panels 
Was approximately 1.20 watts per em? per panel, as 
measured with the thermopile. Weight loss of the 
apple slices during the blanching treatment was be 
tween 10 and 15°. The load density of produce was 
approximately 2.3 lb per sq ft of belt. 

The color of the white-fleshed varieties, Cortland 
and MacIntosh, was improved if the slices were dipped 
for 15 seconds in 2000 ppm sodium metabisulfite prior 
to exposure to infrared. The vellow varieties did not 
require this pretreatment. After blanching, apple 
slices were both frozen and canned. After freezing 
and storage for 6 months at 0° F the frozen slices were 
evaluated organoleptically. The infrared-blanched 
slices retained better texture, flavor and color than the 
steam- or vacuum-blanched slices. The canning of 
infrared-blanched apple slices is more complicated be 
cause the tissue air is not removed during blanching. 
llowever, samples were prepared using a 15% sugar 
syrup and 3 ascorbic acid in both tin and glass con 
tainers. The samples pretreated with the sulphite dip 
and processed in tin cans (20 02, apple juice enamel 
showed corrosion of the can lining within 3 months 
storage at room temperature. The varieties Northern 
Spy and Sandow produced a very acceptable product 
after processing and storage at room temperature for 
at least 6 months. All the samples in the glass con- 
tainers (16 oz, serew cap) maintained excellent flavor 
and texture after processing and storage at room tem 
perature for 6 months. However, the slices in’ the 
glass containers showed darkening when exposed to 
sun light 

¢. Blanching of peas. Frozen and canned samples 
of steam-blanched peas were compared with similar 
samples after blanching with infrared. Prior to ex- 
posure to infrared the peas were dipped in. boiling 
water for 30 seconds in order to eliminate peroxidase 
activity in the surface tissue. The blanching required 
approximately 4 min exposure to infrared radiation 
from quartz lamps. The wattage required from the 
upper and lower heating panels was approximately 
1.50 watts per cm= per panel, as measured with the 
thermopile. Accompanying weight losses of the peas 
were between 25 and 35'7. The load density of fresh 
peas Was approximately 1.1 lb per sq ft of belt. 

Organoleptie evaluation of heated samples of frozen 
peas after 5 months of storage at 0° F showed equal 
quality for the steam-blanched and infrared-blanehed 
peas. Canned samples also were similar in quality, 
but the infrared-blanched peas had a more pronounced 


pea flavor. Beeause of shrinkage of the peas during 
the infrared treatment, more peas could be filled into 
the tin container. After processing and storage for 
2 months at room temperature the drained weight of 
infrared-blanched peas was 13% higher than that of 
the steam-blanched peas. 

d. The production of french fries. Procedures for 
the preparation of french fries by means of deep fat 
frying, infrared radiation, and a combination of both 
are described in a separate publication (72). Oil 
blanching of french fries with infrared, as compared 
to conventional deep fat frying, resulted in 8 to 12% 
and 4 to 8% higher product yields after the first and 
second stage preparations, respectively. In addition, a 
2 to 4‘, lower fat content in the stage one and stage 
two product was obtained. When the parfries were 
frozen and stored at 0° F between stages one and two, 
the finished product was of only fair quality, regard 
less of the technique used to prepare the first stage 
product. Parfries stored up to 9 days at 38° F be 
tween stage one (infrared) and stage two (deep fat 
fry) resulted in a finished product of good quality 

e. Braising of meat for beef stew. Preparing large 
quantities of meat for beef stew in’ steam-jacketed 
kettles results in a ‘‘eooked’’ meat appearance and 
weight-losses up to 35%. This method of preparation 
is also time consuming, especially if frozen meat is 
used. The parboiling treatment used in this study con 
sisted of boiling one volume of frozen meat (1x 1x 1 
in cubes of lean round sirloin) with 2 volumes of 
water containing 2% sodium ehloride, for approxi 
mately 6 min. This period was sufficient to cook each 
meat cube completely. It was considered that this 
condition was reached when the inside of the meat 
cube showed no residual red color. For a similar de 
gree of cook the infrared treatment required an ex 
posure time of 5 min from quartz tubes. The wattage 
requirement from the upper and lower heating panels 
Was approximately 2.20 watts per em* per panel, as 
measured with the thermopile. The load of meat per 
square foot of belt space was approximately 1.9 Ib 
Weight losses during the parboiling and infrared 
treatments were, respectively, 30 and 15% The 
flavor, color and texture of the infrared-braised meat 
was much superior to the parboiled meat. When the 
period of cook for the parboiled and infrared treat 
ment was reduced to 50% residual inside red color, 
the corresponding weight losses beeame 25°% and 
10%, but the outside appearances of the samples did 
not change, 

Measured quantities (approximately 4 0z) of par 
boiled and infrared treated meat were added to 20 oz 
cans, containing approximately 16 oz of beef stew pre 
pared with a standard formula. After processing 

110 min at 240° F) the cans were stored at room tem 
perature. Analysis of the canned samples after a 6 
week storage period indicated that during the retort 
ing the weight losses of the parboiled and infrared 
prepared meat were approximately 5 and 20%, re 
spectively. This indicates that the total weight losses 
of the meat after the complete canning operation was 
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Here’s how Tora Food’ Can give you a new 
Sales-building nutrition story at low cost 


If you need a powerful new story to spark the sales 
hrand name 
And you 


of your cereal, Tora Food (Red St: 
for Torula Yeast U.S.P.) is your 
can actually save money. Here’ 


How will Tora Food impr, 
tent of cereal? Here are s,; 
factors housewives know ¢ 
chart shows you how Re 
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Vitamin B, 

Vitamin B. 

Niacin. ... 

Vitamin B, 
Para-amino benzoic Acid 
Pantothenic Acid 

Folic Acid. . 

Choline. . 

Inositol. . . 


150.0 mitt§ 


4.8 grams worth 
5.4 grams worth 


High quality Protein 1.5 Ibs. 


Here is a nutritional “barrage” that can’t help 
but impress the nutrition-conscious housewife. 


How can Tora Food actually save you money? 
The ingredients listed above would cost you 87.33¢ 
at current price levels, if you bought them indi- 


vidually. You get these same ingredients in the 

same amounts for only 54¢ in Red Star Tora Food. 

That’s 33.33¢ saved. (Incidentally, the same 

amount of brewer’s yeast would cost you between 
72¢ and 84¢.) 

In addition, Tora Food saves you money on 

x¢ and inventories. Instead of buying, stor- 

“ug and keeping books on 10 or more 

ients, you need handle only one 

Star Tora Food. 
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APPLICATION OF 


approximately equal for the parboiled and infrared 
techniques. 

f. Blanching of asparagus, corn, beans, turnips and 
blanch 
whole kernel corn, corn-on-the-cob, cut 


carrots. Preliminary attempts to asparagus, 


green beans, 
diced turnips and diced carrots were unsuccessful. 
No exposure 


tanees and exposure period would produce sufficient 


combination of type of radiator, dis- 


heat penetration to inactivate peroxidase. In most 
the exposure to infrared 
scorching before heat penetration was more than a 


vases resulted in surface 
‘ew millimeters. 
SUMMARY 

Three types of high energy, infrared radiators 
quartz lamps, quartz tubes, and calrods—were evalu- 
ated for their effectiveness in blanching apple tissue. 
Data are presented which show how the depth of heat 
penetration was influenced by wavelength characteris 
ties, voltage input, and energy output of the radiator. 

Infrared radiation was used successfully for blanch- 
ng celery, apples, and peas prior to freezing and in 
the preparation of fried 
quality of infrared-blanched samples was better than 


french potatoes. General 


that of samples blanched by conventional steam or 


boiling water methods. Accompanying weight losses 


of up to 35% by weight would result in reduced 


freezing, storing, and handling costs in the case of 
yroducts intended for later remanufacture. 

Infrared was substituted for the par-boiling treat- 
ment of beef as the preliminary heat treatment in the 
preparation of beef stew. The colour, texture, and 
flavour of the infrared-braised, canned meat was con 
sidered superior to that of the par-boiled meat. 
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Conventional Electric Oven: 


Manuscript received May 18, 1960 


the commercial and mili- 
tary user, the efficiency with which input electrical 
energy is converted to heat energy usable for cooking 
food, is of economic importance. Microwave cooking 
is of comparatively recent origin, having been de- 
veloped within the past 15 years. In reviewing the 
status of microwave cooking in 1947, Brown, Hoyler, 
and Bierwirth (7) commented, among other aspects, 
on the low efficiency of microwave cooking. Sussman 
(4) subsequently reported that the use of a micro- 
wave cooker ‘‘required 56° less electrical energy 
than an electric range for producing a given quantity 
of heat, such as evaporating a given quantity of water 
However, in producing a complete meal 
for 10 men, Sussman found that the energy require- 


to dry ness, 


ments were greater for the microwave oven than for 
the electric range. No further studies of the heating 
efficiency of microwave equipment were reported in 
the literature, but later investigators (2) imputed a 
high efficiency to microwave cooking based primarily 
upon the assumption that the extremely short cooking 
time of microwave equipment must use less electrical 
energy than the longer cooking times of conventional 
equipment. 

The purpose of the present study was to determine 
heating efficiencies in both microwave and conven- 
tional equipment for a typical meat item, roast beef, 
and for the heating of water because water is the 
medium used to cook most vegetables. The work was 
part of a study on the applicability of microwave 
cooking to Navy subsistence. 


EXPERIMENTAL METHODS 


Equipment and instrumentation. The cooking equipment used 
has been deseribed by Pollak and Foin (3). The microwave 
oven was equipped with one Type QK-390 magnetron operating 
at 2,450 megueyeles, a wave-dispersing fan, and an auxiliary 
browning element. The conventional oven was a modern, heavy 
duty, Navy eleetric range, designated as the Navy Type S 
Range in saeeordance with military specification MIL-R-21211 
(SHIPS 
twelve thermocouples and reeorded on high-speed strip chart 


Temperatures were measured with an assembly of 


potentiometers. Continuous recordings were taken for the 
operations with the conventional eleetrie range. However, since 
thermocouples cannot be used during operation of the micro 
wave cooker, thermocouple readings were taken immediately 
prior to and after microwave operation. During microwave 
operation, temperature was monitored by visual observation of 
a special thermometer, Taylor Instrument Co. Model No. Z 
4505. Power demand was recorded continuously on strip-chart 


* Presented at the Twentieth Annual Meeting of the Institute 
of Food Technologists, San Francisco, California, May 17, 1960. 
"Present address: The A. L. Mathias Company, Baltimore, 
Maryland. 


Comparative Heating Efficiencies 


of a Microwave and a 


George A. Pollak and 
Loxise C. Foin” 


Food Science and Engineering Divi- 
sion. U. S. Naval Supply Research & 
Development Facility, Bayonne, New 
Jersey 


recorders and total energy was recorded by integrating watt 
meters. Both microwave and conventional equipment were 
brought to temperature equilibrium or normal operating con 
dition prior to any test. 


Procedures. Heating water. After measuring temperature, 
a fixed weight of water in a tempered glass bowl with cover 
was heated in the microwave and conventional oven and on a 
hot plate of the conventional range to a temperature of 200° F. 
The conventional oven was operated at 450° F, the conventional 
hot plate at 750° F, and the microwave oven at maximum power 
input. 

Cooking beef. Standing short ribs of beef, U. S. Grade B, 
9th to llth rib, of uniform weight, size, shape, fat and bone 
configuration, were prepared, one piece at a time, in each oven 
In the microwave oven, the meat was cooked in a tempered 
glass dish, at maximum power, fat-side down, for about half 
the cooking time and was then inverted for the remaining time 
In the conventional oven, the meat was roasted, rib-side down, 
at 325° F, using ‘‘high’’ top and bottom heat until tempera 
ture recovery was attained; the bottom heat was then reduced 
to ‘*medium’’ and the top heat was turned off for the re 
mainder of the roasting period. In both types of cooking 
equipment, the meat was timed to attain an internal tempera 
ture, at the center of the meat, of about 145° F. 


RESULTS AND DISCUSSION 

Heating water. The experimental data for heating 
of water are given in Table 1. The efficiencies for the 
microwave and conventional oven are not significantly 
different, both being about 34%. The conventional 
hot plate, on the other hand, had an efficiency of 
about 63° or nearly double that of the ovens. These 
results are not unusual when the construction of the 
equipment is considered. In the hot plate, the heating 
element is in direct physical contact with the surface 
plate which is in direct contact with the cooking con 
tainer permitting efficient heat conduction. This per 
mits much better heat transfer than that which takes 
place in the oven, where large masses of metal and air 
must be heated and about half the heat input (from 
top elements) must be transmitted to the product 
solely by radiation and convection. 

Roasting beef. The experimental data for the 
preparation of beef are given in Table 2. The effi- 
ciency of the conventional oven, 36.7%, is slightly 
higher than and significantly different (at the 5% 
level) from that of the microwave oven, 33.4%. This 
similarity in efficiency, however, does not mean that 
the usable heat energy performs the same job in both 
types of cooking. In terms of edible meat resulting 
from the cooking process, the conventional oven yields 
13% more edible meat. Furthermore, it does so using 
24% less total input electrical energy. The conven 
tional oven is therefore doing a better job, but some 
means other than electrical efficiency must be used to 


fs 
~ 
) 
‘ 
? 
| 
eat res 
| 
454 


MICROWAVE AND CONVENTIONAL OVENS COMPARED 


TABLE 1 
Experimental data used to compute comparative electrical efficiencies of microwave oven and 
conventional electric range for heating water 


Equipment used Microwave over 
Test number 


uss bowl and cove 


f water, oz 
temperature, initial 
‘ater temperature, final 
] heating time, minutes 
cal “on” time, minutes 
demand, kilowatts 
energy, kilowatt-hours 
Efficiency, per cent 


express this situation. A computation was made of 
the energy (BTU) input per ounce of yield and this 
resulted in values of 74 BTU per ounce of yield for 
the conventional oven compared to 119 BTU per ounce 
of yield for the microwave oven. Further examina- 
tion of the experimental data reveals that the largest 
difference in energy outputs was that required to 
evaporate moisture losses from the meats. For the 
conventional oven, only 60% of the total output 
energy was required to evaporate moisture losses as 
compared to 76% for the microwave oven. Thus, it 
can be seen that cooking in the microwave oven dried 
out the meat more than in the conventional oven. 
This confirms observations made by the authors (3) 
in yield studies. As a result, the difference in the 
energy required to prepare meat by the two methods 
is attributed directly to the amount of moisture 
evaporated during cooking. 

Another aspect of the cooking process which can 
be explained by this study is the relation between 
cooking time and energy input. Microwave cooking is 
very fast. In this study, beef was prepared by micro 
wave equipment in 34% of the time required in con 
ventional equipment. Also, the instantaneous power 
demand was only 56% that of the conventional oven. 
However, power is on for 100% of the eooking time 
in the microwave oven as compared to eycling under 
thermostatie control in the conventional oven. In the 
conventional oven, power was on for only 2% of the 
time on ‘‘high’’ heat (4 minutes at 5.0 kw) and for 
only 30% of the time on ‘‘medium”’ heat (55 minutes 
at 2.0 kw 
total energy output to do the same cooking job is less 
for the conventional oven than for the microwave 


From these figures, it can be seen why the 


oven, under the particular conditions of this study. 


METHODS USED FOR CALCULATING EFFICIENCY 


Heating of water. The efficiency of electrical energy 
conversion for heating water was calculated using 
equation (1) from the data in Table 1: 


% Efficiency 


(Ts — Ts) (Mg) (S,) < 160 
E (3415 
where : 
T; = Initial temperature of water, ° F 
Ts = Final temperature of water, ° F 
M,, = Weight of water, ib 
T; = Initial temperature of glass container, 


‘ 


Conventional over onventional hot plate 


T, = Final temperature of glass container, ° F 
zg Weicht of glass container, including 
cover lb 
= Specific heat of glass container 
Input energy, kwh 


3415 = BTU per kwh 


Roasting of beef. The total energy inputs were ob- 
tained directly from the recording instruments and 
were converted into BTU’s. The total energy outputs 
consist of the sum of the energy required to perform 
these four functions 1) to evaporate water from the 
meat, (2) to heat the cooking utensil, (3) to render 
and heat the fat which comprised the drippings, (4) 
to heat the meat exeluding its drippings and moisture 
losses The ecaleulation of each of these is described 
below 


Energy to evaporate water from meat. by sub- 
tracting the weight of rendered liquid from the weight 
of total losses, the weight of fluid which was vaporized 
was obtained. The energy required to heat this water 
to vaporization temperature and then to evaporate 
the water was calculated using equations (2), (3 
and } 

Qr = Q., 
Q, = M, 
= M, 
where 
Total energy, BTU 
Sensible heat energy, BTU 
Latent heat energy, BTU 
Final temperature (in this case, the va- 
porization temperature of water, taken 
as 212° F 
T, = Initia emperature 
perature of meat before cooking) 
M, = Weight of water 


hee = Heat of vaporization at boiling point, 


taken same as tem- 


Energy to heat the cooking utensil. This was calceu- 
lated using equation (5 
T. —T, 
where : 
Specific heat energy, BTU 
= Weight of glass cooking utensil, Ib 
Specific heat of glass pan, BTU/Ib 
= Initial temperature of glass pan 
Final temperature of glass pan 
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The initial temperature of the glass pan was 81° F 
during the experiments; the final temperature was 
taken as identical to that of the rendered fat. The 
specific heat of the tempered glass was taken as 0.20. 

Energy to render and heat fat in pan. This was 
calculated using equation (6). The right-hand part of 
the equation takes into account the change of state of 
the fat from a solid in the meat to a fluid when ren- 


dered by the heat of the cooking process. It was 
assumed, based upon the experimentally measured 
temperatures of the fluid in the pan, that the rendered 
fluid is entirely fat: 

Qr = (My) (C,) (T2 —T1) + (Mw) (lise) (6) 


where: 
Qy = Total energy to render and heat fat, 


BTU 


TABLE 2 


Experimental data used to compute comparative electrical efficiencies of microwave oven and 
conventional electric oven for roasting beef 


Equipment used 
Test number 


Dimensions of roast 

Length, in 

Width, in 

Height, in 
Weight of pan, oz 
Weight of meat before cooking, oz 
Weight of meat after cooking, oz 
Weight of rendered fluid, oz 
Temperature of rendered fluid k 
Weight of total cooking losses, oz 
Percentage total losses, % 
Weight of liquid evaporated, oz 
Temperature before cooking, ° F 
Temprature after cooking t 

At center of meat 

Midway between surface and center 

One-quarter way below surface 
Cooking time, min. 
Power demand, KW 

High heat 

Medium heat* 
Power ‘‘on time’’, min 

High heat 

Medium heat* 
Total energy input, KWH 
Total energy input, BT 
Energy output, BTL 

To heat and evaporate morsture 

To heat glass pan 

To render and heat fat in pan 

To heat meat 
Total energy output, BTU 

Output 
ficiency 
Input 


Equipment used 
Test number 


Dimensions of roast 
Length, in 
Width, in 
Height, in 
Weight of pan, oz 
Weight of meat before cooking 
Weight of meat after cooking 
Weight of rendered fluid, oz 
Temperature of rendered fluid b 
Weight of total cooking losses, oz 
Percentage total losses, % 
Weight of liquid evaporated, o 
Temperature before cooking 
Temprature after cooking F 
At center of meat 
Midway between surface and cente 
One-quarter way below surface 
Cooking time, min 
Power demand, KW 
High heat 
Medium heat* 
Power ‘‘on time”, min 
High heat 
Medium heat* 
Total energy input, KWH 
Total energy input, 
Energy output, 
To heat and evaporate moisture 
To heat glass pan 
To render and heat fat in pan 
To heat meat 
Total energy output, BTU 
Output 
35.8 


€ 


2,968 


E ficiency 
Input 


* These figures 


Microwave oven 


refer to the use of bottom heat on the conventional oven 
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AS A BUYER ALT 
OF FLAVO RS, @ REPUTATION—INTEGRITY 


OF SUPPLIER 


W H C H 0 TH ESE TECHNICAL SERVICE 


CONSIDERATIONS ECONOMY— COST 


© PROMPTNESS OF 


INFLUENCES DELIVERY 


© RELIABILITY OF SUPPLY 


Y0 M 0 § €2 COMPLETENESS OF LINE 


If we are to accept the evidence of various surveys, 
most of the basic considerations that influence buyers 
in their choice of purchases are shown in the above 
list — and in their approximate order of importance. 
We must assume that flavor buyers are no exception 
— that they, too, regard quality, reputation and the 
advantages of reliable technical service as determin- 
ing factors in their purchasing decisions. These, of 
course, are the assured advantages to those manu- 
facturers who rely upon FRITZSCHE as their major 
source of sales-stimulating flavors. Prompt delivery, 
reliability of supply, completeness of line, and fair 
pricing policies — these, too, are considerations favor- 
able to all who use this informative, easy-to-refer-to 
FRITZSCHE CATALOG (illustrated) as their guide to 
better flavors. A copy is yours upon request. 


FRITZSCHE BROTHERS, Inc. 


A FIRST NAME IN FLAVORS SINCE 1871 ——___—____— 


76 NINTH AVENUE NEW YORK 11, N. Y. 


Branch Offices and *Stocks: Atianta, Ga., Boston, Mass., *Chicago, Ill., Cincinnati, Ohio, Greensboro, N. C., 
*Los Angeles, Cal., Philadelphia, Pa., San Francisco, Cal., St. Louis, Mo., Montreal! and *Toronto, Canada; 
*Mexico, D. F. and *Buenos Aires, Argentina. Plants: Clifton, N. J. and Buenos Aires, Argentina. 
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When product protection calls for better enamels 
Continental customers get them first 


For many products, electrolytically-deposited tin 
is the only lining a can requires. Enamels offer ad- 
ditional protection for a growing variety of prod- 
ucts. Continental’s Metal Division Research and 
Development Center calls on the skills of the coat- 
ings chemist for their development. 


New materials and methods of adapting them to 
containers are constantly being developed and 
each is studied for potential use in our industry. 
More than 2000 different enamels have been for- 
mulated and tested in the past five years alone. 
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Some 140 are now regularly used to maintain the 
high level of packaged product quality expected 
by today’s consumer. 


Coatings chemists are also working to increase 
speeds of enamel application in preparation for 
ultra-fast enameling of coil stock. More recently, 
they have been adapting their findings to the im- 
portant new area of aluminum cans, 


As a Continental customer you can be sure that the 
best in scientific manpower, facilities and equip- 
ment are always working for you. 


Eastern Division: 100 E. 42nd St., New York 17 
Central Division: 135 S. LaSalle St., Chicago 3 
Pacific Division: Russ Building, San Francisco 4 
Canadian Division: 790 Bay St., Toronto 1 
Cuban Office: Apartado 1709, Havana, Cuba 
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MICROWAVE AND CONVENTIONAL OVENS COMPARED 457 


M, = Weight of rendered fat, lb 

Specific heat of beef fat, BTU Ib 

T. = Final temperature of fat 

T, = Initial temperature of fat 

hye = Heat of solidification of beef fat = Heat 
of liquefaction, BTU/Ib 


The specific heat of beef fat was taken as 0.50. The 
initial temperature of the fat was taken as the experi- 
mentally determined initial temperature of the meat 
immediately prior to roasting. The final temperature 
of the fat was determined experimentally. The heat 
of solidification of beef fat was taken as 48 BTU/Ib. 

Energy to heat meat. This was calculated from 
equation (7): 


Q. = My X Cy 


(7 
where : 

(), = Total energy to heat meat, BTU 

M, = Weight of meat, lb 

C, = Specific heat of meat, BTU /Ib 

T. = Final temperature of meat, ° F 

T, = Initial temperature of meat 


In making these calculations, the weight of meat 
was taken as the weight of meat after cooking since 
the energy relationships for the moisture and fat con- 
tent have been computed separately. The specific heat 
of the meat was taken as 0.75 BTU/Ilb. The initial 
temperature of the meat was determined experimen- 
tally, and was uniform throughout the meat. How- 
ever, it is necessary to calculate an average final tem 
perature for the meat because the meat is not at a 
uniform temperature at the completion of the cooking 
process. The average final temperature was calculated 
from experimen‘ally determined values for the tem 
perature of various zones of the meat. This was don 
by calculating an average temperature for each zone 
and from these individual values, calculating a 
weighted average for the entire piece of meat, as in 
equation (8 

(3) 


(T2) (V2) + (Ts) (Va) + (Ta) (Va) 


(Ti) (Vi 


where: 


T, — Average temperature for entire piece of 


meat 

T, = Average temperature of zone corre- 
sponding to V; 

V, = Volume of outermost zone 


Ts, T3, and Ty are average temperatures of zones 
Vo, Vs, and Vy. The zones selected were bounded by 
coneentrie spheroids, except that T, was the center 
spheroid. The average temperature of each zone was 
taken as the average of the temperatures of the inner 
and outer surfaces of each zone, except for the center 
spheroid, where the center temperature was taken as 
the temperature of the center spheroid. The magni- 
tude of error here is small because the central spheroid 
comprised less than 2% of the total volume. 

Efficiency. The sum of the four factors described 
above represents total energy output. Total energy 
input was measured directly by recording instru- 
ments. The ratio of total energy output to total 
energy input was calculated as efficiency. 


SUMMARY 

A study was made of the heating efficiency of micro- 
wave and conventional cooking equipment in the heat- 
ing of water and the roasting of beef. In heating 
water, the overall electrical efficiency was 34% for 
both microwave and conventional ovens, but the effi- 
cieney of a conventional hot plate in heating water 
was 63°, virtually double that of the ovens. In roast- 
ing 8-pound ribs of beef, the overall electrical efficien- 
cies were 36.7% for the conventional oven and 33.4% 
for the microwave oxen. However, the product pre- 
pared in the conventional oven yielded 138% more 
edible meat using 24% less electrical energy. A better 
way of expressing the energy-yield relation is the 
energy required to prepare a unit weight of edible 
product. This was found to be 74 BTU per ounce of 
yield for the conventional oven as compared to 119 
BTU per ounce of yield for the microwave oven. The 
difference in energy was attributed primarily to the 
energy required to evaporate a greater amount of 
water in microwave cooking. 
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Comparison of Rate of Cooking and Doneness 
of Fresh-Unfrozen and Frozen, 
Defrosted Turkey Hens 


(Manuscript received May 16, 1960) 


Low & (3) reported that the rate 
at which meat cooks is affeeted by such factors as the 
initial temperature and composition of the meat and 
oven temperature for roasting. The rate of cooking 
also may be dependent on such treatments as freezing 
prior to roasting. Marsden, Alexander, Schopmeyer, 
and Lamb (4) reported that fresh, chilled, not frozen 
Beltsville Small White and Broad Breasted Bronze 
turkey hens and toms required longer cooking times 
(min/Ib) to roast than did frozen, defrosted turkeys 
studied in an earlier investigation (1). They sug- 
gested that this difference in rate of cooking might be 
attributable to the freezing and the defrosting of the 
turkeys prior to roasting. In both studies the oven 
temperature was adjusted to the weight of the tur- 
keys and from 262° to 326° F. Presently, 
325° F (3) is recommended as the roasting tempera- 
ture for turkeys of all weight classes. The initial 
temperature or range in initial temperatures of the 
birds was not reported (1, 4). 

In the study reported here, the rate of cooking and 
degree of doneness of fresh-unfrozen (fresh chilled) 
and frozen defrosted turkey hens with similar initial 
internal temperature and oven temperature were in- 
vestigated. Also, turkeys roasted breast-up were com- 


varied 


pared with those cooked breast-down. 


EXPERIMENTAL PROCEDURE 


White hens grown and processed under 
production ranging in 
24 to 28 weeks were purehased from a local turkey 
All turkeys were purchased fresh-unfrozen and either 
stored in the (34°F) 1 to 6 prior to 
roasting or wrapped in aluminum foil (0.0015 gauge), frozen, 
to 6 days) at 0° F. The turkeys roasted at a 
given period always were from the same lot and usually were 
obtained on the Saturday preceding the week that the birds 


Thompson turkey 


similar and management procedures, 


age from 
grower. 
refrigerator days 


and stored (1 


were roasted. 

Fresh-unfrozen vs frozen, ‘Twenty 
fresh-frozen turkeys roasted in Experiment I. Fresh 
and fresh-frozen turkeys to internal 
of 90°C in the right breast (pectoralis major) 
to 95°C in the The turkeys were 
rousted, 4 at a time, according to a randomized complete block 
block of 2 fresh-unfrozen and 2 fresh 
frozen turkeys each to either 90°C in the 
95° C 


fresh-unfrozen and 20 
were 
unfrozen were roasted 
temperatures 
thigh museles, 


and right 


design. A consisted 
rousted breast or 
in the thigh. 

No. of Home Economics, 
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at the Twentieth Annual Meeting of the Insti 
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Grayce E. Goertz, 

Anna S. Hooper, and 

Dorothy L. Harrison 
Department of Foods and Nutrition, 
Kansas State University, Manhattan, 
Kansas 


Of these, | 
fresh-unfrozen were compared with 12 fresh-frozen turkeys. In 
addition, 8 after 1 
3 mo at 0° F, These turkeys were roasted 2 at a 
randomized block design. 
unfrozen the fresh-frozen turkeys, a block 
fresh-unfrozen and 1 fresh-frozen turkey. Four cooking periods 
were used for turkeys stored for 1 mo and also for those stored 
3 mo. All turkeys in Experiment II were roasted to an internal 
temperature of 95° C in the right thigh. Weights of the tur 
keys ranged between 10.4 and 10.8 Ib for the 2 
study. 


Forty turkeys were roasted in Experiment II. 


were roasted mo storage and 8 following 


aceord 


fresh 


time 
the 


consisted of 1 


ing to a complete For 


vs 


years of the 


Breast-up vs breast-down. Also, 18 fresh-frozen turkeys wert 
roasted in Experiment III. Nine of these birds cooked 
breast-up during the entire roasting period, and 9 were cooked 
breast-down for the first and then turned for 
the remainder of the period. These wert 
roasted 2 at a time according to a randomized complete block 
design. A_ block of 1 turkey 
1 turkey roasted breast-down. These turkeys also were roasted 
to an internal temperature of 95° C in the right thigh. Weights 
for these turkeys ranged between 9.4 and 10.1 Ib. 

Defrosting and roasting. 
frosted at room temperature (80° F) for approximately 
prior to roasting in a hearth gas 
325° F. All turkeys were roasted on a V-rack in an open pan 
with the breast-up unless otherwise indicated. In 


were 


breast-up 
turkeys 


hour 
roasting 


consisted roasted breast-up and 


Wrapped frozen turkeys were de 
18 hr 
rotary oven maintained at 
preparation 
for roasting, skin was pulled over the openings at the neck and 
posterior of the bird and fastened by sewing to prevent excess 
moisture loss from the body cavity. 

Thermometers were inserted midway between the medial and 
lateral side at the center of the pectoralis major and the thigh 
the 


temperature of 


Thermometer bulbs were midway between dorsal 


the The 


the musele in which the end point was taken was similar for 


muscles, 


and ventral sides of muscles. initial 


all turkeys studied the same year. Internal temperatures were 
recorded (Experiments II and IIL) after reading thermometers 
Time required for each 15°C 
rise in until 60°C 
reached, and thereafter the time for each 3° C 
Internal temperatures were recorded for the thigh when 95° C 
in the thigh was the end point temperature and for the pec 
C in the breast was the end point. Total, 


through an oven door window. 


internal temperature was recorded was 


rise was noted 


toralis major when 90 
volatile and dripping losses were determined. 

Sampling and scoring. An experienced 4-member panel judged 
the uncarved turkeys for degree of doneness soon after the 
birds were removed from the oven, Doneness scores were based 
on a 7-point seale with the optimum represented by the mid 
point, 4. The top of the seale, 7, was very overdone ; the bot 
tom of the seale, 1, very underdone. 

Turkeys were cooled approximately 2 hr, and the pectoralis 
major and the gluteus primus museles removed for organoleptic 
tests. For turkeys in Experiment 1, judges received slices from 
the same position of the museles at each judging period. One 
half were cut from the museles of the turkeys in 
Experiments Il and III and presented to the judges. A 6 
panel the and a 
6-member panel, the gluteus primus samples. 
with 7 representing the highest value and 1, the lowest was 
used by the panel to score flavor, juiciness, and tenderness. 


inch cubes 


member scored pectoralis major samples 


A 7-point seale 
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COMPARISON OF COOKING RATE AND DONENESS OF TURKEY 


Doneness of meat and doneness of juice were scored similarly 
to the degree of doneness for unearved turkeys. 

For Experiments IIT and III, when only 2 turkeys were 
roasted at each cooking period, at least 1 sample from each 
treatment was included and either a second or third sample 
from the other treatment. Four samples always were presented 
at each organoleptic judging period. 

Shear values for 1l-in cores from the anterior end of the 
cooked pectoralis major and %-in cores of the cooked semi 
tendinosus muscles were determined on a Warner-Bratzler 
shearing apparatus. Press fluid yields for a 25-g ground sam 
nle of the pectoralis major muscle were determined with a 
Carver laboratory press 

Other procedures were similar to those described by Goertz, 
Cooley, Ferguson, and Harrison (2). 

Statistical analyses. For fresh-unfrozen vs frozen turkeys 
(Experiments I and II) data obtained within each experiment 
were subjected to analyses of variance to determine the effeet 
of treatment on: (1) cooking time, 2) cooking losses, (3) shear 
values, (4) press fluid yields, (5) doneness, and (6) palata 
bility factors. The t-test was used to analyze data for these 
factors for the turkeys roasted with the breast-up vs the breast 
down (Experiment ITI 

When appropriate, least significant differences were caleu 
lated for data for turkeys in Experiment I. Data for turkeys 
in Experiment II required 3 least significant differences 
P<.05) for each factor. This was necessary for comparison 
of treatment groups, beeause 12 turkeys were used for the 
fresh-unfrozen group, 12 for fresh-frozen, 8 for 1 mo storage, 
and 8 for 3 mo at 0° F. The least significant differences for 
**]2, 12°" were used to compare data for fresh-unfrozen and 
fresh-frozen turkeys and for ‘‘8, 8°’, for 1 and 3 mo storage 
turkeys. 

Histological study. Histological samples were taken from the 
posterior end of the pectoralis major and from the lateral side 
of the proximal end of the gluteus primus muscles of turkeys 
in Experiment II before and after roasting. Samples were 
fixed in physiological salt and 10% formalin solution. Longi 
tudinal sections were cut on a freezing microtome and stained 
for musele tissue and fat with Harris’ hemotoxylin and Herx 
heimers searlet red, respectively. The stained sections were 


teased onto slides and mounted in glycerine jelly. 


RESULTS AND DISCUSSION 


As in previous work with poultry reported from 
this laboratory (2), the terms pectoralis major and 
thigh will be used to denote the muscle in which the 
end point temperature was taken. The terms light 
and dark meat refer to the samples removed from the 
birds irrespective of the muscle in which the end point 


of roasting was determined. 

Fresh-unfrozen vs fresh-frozen, Experiment I. End 
point temperatures of 90° C in the pectoralis major 
and of 95° C in the thigh muscles were used for fresh- 
unfrozen and for fresh-frozen turkeys (Table 1). 
When doneness of the uncarved turkeys was evaluated 
by feel of drumstick, appearance of the thigh joint, 
and movement of the leg joint, turkeys roasted to 
95°C in .the thigh generally were significantly 

P<.05) more done than those cooked to 90° C in the 
pectoralis major, This was true for fresh-unfrozen as 
well as fresh-frozen turkeys. Doneness scores for dark 
meat samples also were significantly (P<.05) higher 
for turkeys roasted to 95° C in the thigh than for that 
from birds roasted to 90° C in the pectoralis major. 
Turkeys roasted to 95° C in the thigh were nearer 
optimum doneness than those cooked to 90° C in the 
pectoralis major. 

Total cooking time in min/Ib was significantly 

P<.05) longer for fresh-unfrozen turkeys roasted 
to 95° C in the thigh than for fresh-unfrozen turkeys 
eooked to 90° C in the pectoralis major. Likewise, 
total cooking time for fresh-frozen turkeys roasted to 
95° C in the thigh was significantly (P<.05) longer 
than for similar birds roasted to 90° C in the pec- 
toralis major. For each end point temperature, cook- 


TABLE 1 


Average cooking time and losses, doneness and palatability scores, press fluid yields, and shear values for turkeys in Experiment I’ 


Total cooking time, min/I|b 
Total cooking losses, % 
Volatile cooking losses 


Dripping cooking losses 


Doneness before carving 
General appearance 
Fork pricking of drumstick 
Feel of drumstick 
Movement of leg joints 
Appearance near joints 
Wing 
Thigh 


Doneness of juice 

Light meat 
Flavor 
Juiciness 
Press fluid yields, ml 
Tenderness 
Shear value, 1 in core 
Doneness 


Dark meat 
Flavor 
Juiciness 
Tenderness 


Doneness 0.4 


' Numbers in parentheses indicate number of turkeys in each treatment 


2 Flavor, juiciness, and tenderness scores, range 7—1 


90° 


Pectoralis major Thigh 
1-unfrozen Fresh-f I esh-unfrozen Fresh-frozen 
10) 
5.0 


9 


‘Doneness scores based on a 7-point scale with a midpoint of 4 indicating optimum doneness:; smaller number represent underdoneness and larger 


numbers, overdoneness 
‘ Least significant difference (P<.05) 
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ing times were slightly, but not significantly less for 
fresh-unfrozen than for fresh-frozen turkeys. 

Total, volatile, and dripping cooking losses, press 
fluid yields (light meat), and flavor seores for both 
light and dark meat were about the same for fresh- 
unfrozen and fresh-frozen turkeys roasted to either 
90° C in the pectoralis major or to 95° C in the thigh. 
Juiciness scores for light meat were higher for fresh- 
unfrozen than for those of fresh-frozen turkeys; how- 
ever, this was not a significant difference. 

Shear values for light meat cores from turkeys 
roasted to 90° C in the pectoralis major and for those 
from the fresh-frozen turkeys roasted to 95° C in the 
thigh generally were significantly (P<.05) higher, 
indicating lower tenderness, than for those from 
fresh-unfrozen turkeys roasted to 95° C in the thigh. 
Conversely, tenderness scores for light meat were 
similar for all turkeys as were those for dark meat 
from all turkeys. 

Fresh-unfrozen vs frozen, Experiment II. All tur- 
keys in this experiment were roasted to an internal 
temperature of 95° C in the thigh, because this end 
point produced birds nearer the concept of optimum 
doneness than those in Experiment I roasted to 90° C 
in the pectoralis major musele. Fresh-unfrozen birds 
again were compared with fresh-frozen turkeys. In 
addition, a group from the same lot as the fresh- 
unfrozen and fresh-frozen was tested following 1 and 
3 mo storage at 0° F, 

The initial temperature of the right thigh for all 
turkeys in this group was 15° + 1° C. Curves for the 
rate of heat penetration (Figure 1) were similar for 
the fresh-unfrozen and fresh-frozen turkeys, with that 
of the fresh-frozen group slightly less steep than the 
curve of the fresh-unfrozen group. The curves for the 
1 and 3 mo turkeys were similar and always less steep 
than those of either the fresh-unfrozen or fresh-frozen 
turkeys. 

Total cooking time in min/lb was significantly 
(P<.05) shorter for fresh-unfrozen turkeys than for 
any of the frozen defrosted birds (Table 2). Also, the 
turkeys stored for 3 mo at 0° F required a signifi- 
cantly (P<.05) longer roasting time than did fresh- 


TEMPERATURE 
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TEMPERATURE 


frozen or 1 mo turkeys. Total cooking losses were 
similar for all turkeys. Volatile losses were lowest 
and dripping losses highest for fresh-unfrozen tur 
keys and these generally were significantly (P<.05) 
(different from those for the frozen defrosted turkeys. 

Doneness scores for light and dark meat and for 
movement of the thigh joint generally were signifi- 
cantly (P<.05) higher for the turkeys frozen 1 mo 
than for those for any of the other treatment groups. 
Flavor scores for the light meat were highest for those 
scored as most done (turkeys stored 1 mo) and were 
significantly (P<.05) higher than those for fresh- 
unfrozen and fresh-frozen turkeys. Light meat juici 
ness scores were significantly (P<.05) lower for the 
turkeys stored 3 mo than for those for any of the 
other turkeys in Experiment Il. However, press fluid 
yields that often are associated with juiciness scores 
were about the same for all turkeys as were light meat 
tenderness scores and shear values. 

Tenderness scores for dark meat of turkey stored at 
0° F for 1 and 3 mo were significantly (P<.05 
higher than those for the fresh-unfrozen and fresh- 
frozen turkeys. Shear values for 1-in cores of dark 
meat were lowest for turkeys stored for 3 mo and 
significantly (P<.05) lower than those from turkeys 
stored 1 mo at 0° F. Flavor scores for dark meat were 
higher for fresh-unfrozen than for those of the frozen 
turkeys; however this difference was not significant. 

Histological characteristics of muscle fibers, con 
nective tissue, and fat in the pectoralis major and 
gluteus primus muscles were studied. Muscle fibers 
and fat deposition appeared similar in cooked sam 
ples for most of the turkeys in Experiment II. Both 
granulated and banded forms of collagenous connec 
tive tissue were present in samples from the fresh 
unfrozen and fresh-frozen turkeys. Only the granu 
lated form of collagenous connective tissue was ob 
served in cooked samples from turkeys stored at 0° F 
for 1 or 3 mo. 

Breast-up vs breast-down, Experiment III. Tur 
keys were roasted breast-up for the entire roasting 
period and compared with those cooked breast-down 
during the first hour of roasting. Birds in the latter 
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Figure 1. Rate of heat penetration curves for thigh muscles of turkeys in Experiments II and III. 
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No More Effective Way to Make Foods 
Stay Fresh Longer 
Unique Keleo Algin Colloids Help You Create New Food Products 
For example, less than 1 teaspoon of Kelco algin important benefits. At your service, too, are our 


per pound of food product produces high volume highly qualified food technicians, ready to give 
whip, easier mixing, more tender texture, and individual attention to your needs or problems. 


retarded weeping (syneresis). YOURS ON REQUEST: Free samples of Kelco 

: algins, and Technical Data describing properties, 
Whatever your product, packaged dry mix or advantages, and uses in your application. Write 
beverage, emulsion or suspension, sauce or without obligation to your nearest Kelco regional 
syrup, there’s a Kelco algin colloid to provide office. 
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Lift your sales 

to new highs with 

FLAVEDOL’ 

Citrus Concentrates 
by Givaudan 


Universal and Uniform! Givaudan’s FLAVEDOL CITRUS CON- 
CENTRATES are a mixture of oils from various producing areas . . . 
BLENDED to give you maximum economy, strength, quality and 
distinctiveness of flavor ... CONCENTRATED for maximum stabil- 
ity. Uniform from batch to batch in odor, taste and strength. Lime, 
lemon or orange—they are ideal, finished flavoring materials for gela- 
tin dessert powders, hard candies, sherbets, Kola drinks and other 
beverages. 

Flavedol Citrus Concentrates live up to Givaudan’s world-wide 
reputation as a leading producer of quality products. We are proud 
to recommend our Flavedol Citrus Concentrates to you, and invite 


your inquiries. 
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COMPARISON OF COOKING RATE 


AND DONENESS OF TURKEY 


TABLE 2 
Average cooking time and losses, doneness and palatability scores, press fluid yields, and shear values for turkeys in Experiment II' 


Lads* 


Total cooking time, min 


Total cooking losses 


Volatile cooking losses 


Dripping cooking losses 


Doneness before carving 

General appearance 
Fork pricking of drumstich 
Feel of drumstick 
Movement of leg 
Appearance ne: 

Wing 

Thigh 


Doneness of juice 


Light meat 
Flavor 
Juicines 
Press fi 
Tenderness 
Shear value 


Doneness 


Dark meat 


Flavor 


indicate the number of turkeys in each tré 
juiciness nd tenderness scores, range 7—1 
ss score mused on a 7-point scale wit i midpoint of 4 indi 
numbers, overdonenes 


‘Least significan 


group were turned after 60 min and cooked breast-up 
until an end point temperature of 95° C in the thigh 
was reached. 

Average initial temperature in the right thigh was 
16°C for turkeys in both groups (breast-up and 
breast-down Figure 1 During the first 80 min of 
roasting, internal temperatures of the right thigh of 
the turkeys roasted breast-down were slightly lower 
than for those roasted breast-up. Thereafter, the in 
ternal temperatures of the thighs of both groups were 
similar 

Total cooking time in min/lb was. significantly 

P<.05) longer for turkeys roasted breast-down than 
for those cooked breast-up during the entire roasting 
period (Table 3 It often is assumed that roasting 
poultry breast-down keeps the light meat from be 
coming too dry. llowever, in this study, turkeys 
roasted breast-down had significantly (P<.05) lower 
juiciness scores for light meat than those roasted 
breast-up. Doneness scores for unearved turkeys, for 
light and dark meat, and for juice were similar for 
turkeys roasted breast-up or breast-down. 

Light meat flavor and tenderness scores ; dark meat 
flavor, juiciness, and tenderness scores; press fluid 
yields; and shear values for light and dark meat were 
similar for turkeys roasted breast-up or breast-down. 
Lowe (3) also reported no significant differences in 
flavor, juiciness, or tenderness when working with 
roasters cooked breast-up or breast-down. However, 
she noted that shear values, press fluid yields, and 
palatability scores were slightly in favor of roasters 
cooked breast-down. In the study reported here, press 
fiuid yields for the light meat of turkeys were slightly 


Frozen 


1 mo 


timum Goneness § imbers 1 resent underdoneness and larger 


higher for those roasted breast-down than for those 


cooked breast-up. Shear values for 1 in and ™%-in 


TABLE 3 
Average cooking time and losses, doneness and palatability scores, 
press fluid yields, and shear values for turkeys 
in Experiment III 


sreast-down 
(9) 


16 
20 
16 

3 


Numbers of turkeys 
treatment 
Flavor 1iciness. al ender! score ar 
Doneness scores i midpoint of 4 indi 
ating optimum doneness t mbers represent underdoneness 
and larger numbers, ove 


P 5) 
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Fresh-unfroze 
12. 12) akg 18 2 Fresh } mo 
0.8 0.9 13.8 15.3 15.1 16.2 
18.1 20.7 19.2 19.8 
: es, 1.2 1.5 1.3 12 15.1 14.8 15.5 a 
1.3 1.2 7 5 1.0 
4.1 4.1 
4.1 4.2 3.9 
2 0.3 1.1 3.6 
) 9 3.9 
7 3.7 3.9 
0.3 0 7 5.6 1 6.0 fe 
0.4 5 0.4 4. 4.7 1.5 4.0 
‘lds, mil 7.¢ 7.9 7.¢ 6.9 
6.4 f 2 6.5 a 
1 in core 7.4 7.3 
Tenderness 0.4 0.5 0.4 4 5.8 61 ae 
Shear value, % in core 0.7 ’ 0.8 5.8 8.7 4 8.1 = 
atment 
I 5 
rete 
E Pot king time, n 14.9 ‘ 7 aes 
lot king losses 19.4 2 
lima 
. tile cooking losses 14.2 0 | 
Dripping cooking loss« 8 
Doneness before carving 
General appearance ( 3.8 Ge 
Fork pricking of drut ) 3.7 i 
Feel of drumstick ) 
Movement of leg nt 3.8 
Appearance near nts 
Wing 
Thigt 3.8 
Back 12 
Doneness of ju 8 3.8 ie 
Light meat 
4 
Flavor 
Tniciness 1.4 
Press fluid vields, m g 7.6 
lenderness 6.0 6.0 
Shear value, 1 in core 12.4 
Donenes i 1.1 
Dark meat 
Flavor 
Juiciness 1.7 5.0 
Tenderness 6.0 6.1 a 
Shear value 1% in cor 6.2 7.9 
4.5 1.3 
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cores from the light and dark meat, respectively, also 
were higher (indicating less tender meat) for the 
turkeys roasted breast-down than for those roasted 


breast-up. 
SUMMARY 

Fresh-unfrozen fresh-frozen turkeys were 
roasted to 90°C in the breast and to 95° C in the 
thigh. Turkeys roasted to 95° C in the thigh generally 
were more done than thoes roasted to 90° C in the 
breast. Total cooking time was longer (P<.05) for 
fresh-frozen turkeys roasted to 95°C in the thigh 
than for fresh-frozen turkeys roasted to 90° C in the 
breast. Similar results for cooking time were noted 
for fresh-unfrozen turkeys. 

Also, fresh-unfrozen and fresh-frozen turkeys and 
turkeys stored 1 and 3 months at 0° F were roasted 
to 95° C in the thigh. Total cooking time was shorter 

P<.05) and volatile cooking losses lower (P<.05 
for fresh-unfrozen turkeys than for the frozen tur- 
keys. Dripping losses were lower (P<.05) and light 
meat flavor scores and dark meat tenderness scores 
higher (P<.05) for turkeys stored 1 and 3 months 
than for the fresh-unforzen or fresh-frozen turkeys. 
Doneness scores for light and dark meat were higher 

P<.05) for turkeys stored 1 month than for those of 
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the other turkeys; whereas doneness scores for un 
carved turkeys generally were similar. 

In addition, frozen, defrosted turkeys were roasted 
breast-up or breast-down. The thigh temperature of 
turkeys roasted breast-up increased more rapidly and 
cooking time was shorter (P<.05) for turkeys roasted 
breast-up than for those roasted breast-down. Done 
ness and other palatability scores generally were simi 
lar for all birds in this group. 
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The Relationship of Apple Maturity to 
Applesauce Quality’ 


Manuscript received May 17, 1960 


Tw PREDICTION and evaluation of 
apple maturity at harvest are matters of considerable 
commercial importance. In New York State alone 
seven million bushels of apples are processed, about 
half of these into sauce. Selection of harvest date, as 
well as subsequent storage conditions and duration 
prior to processing for this fruit, continues to be a 
vexing and incompletely understoo problem. 

To be sure, many factors must be considered in such 
decisions. The fruit-grower may understand that 
larger apples and hence greater yield can be obtained 
by delaying the harvest, but at the same time he may 
anticipate excessive drop or wish to take advantage 
of a favorable early-season market. The availability 
of harvest labor at a certain time may be of over- 
riding importance to him. It is further possible that 
the processor may be interested primarily in insuring 
early procurement of his own needs or in securing 
apples immature enough to be very firm or to afford 
a long storage life. Again storage time and conditions 
may be more a matter of economy, plant capacity, or 
facilities available for storage and handling than of 
scheduling apples for processing at optimum ma 
turity. Nevertheless, the effect of maturity on the 
quality of the final product has been of increasing 
concern—a concern in which the enlightened con- 
sumer has a high stake 

The study reported here deals with the effect of 
apple maturity on sauce quality. It is concerned as 
well with indices which may be used to evaluate and 
predict maturity in the fresh apple so as to achieve the 
highest quality in the processed product. 

This problem is not a new one in the research annals 
of horticulture and food technology. Concern over 
climatological effects on plant growth, if not maturity, 
was expressed in the literature early in the century, 
notably by Livingston (5). This interest was ex- 
tended to the ripening of fruit by Tufts (77) in 1930 
Then Winkler (7/4) in 1932 introduced Balling-acid 
ratio as an index of maturity for Tokay grapes. Later, 
with Williams (75), he related this ratio to heat unit 
accumulation in the 28 days preceding harvest. Mag- 
ness and Taylor (7) in 1925 reeommended the use of 
the now-popular pressure tester for the determination 
of fruit maturity, and Haller (3) later extended its 
application to storage apples. Magness ef al (6) in 
1926 recognized the increase in sugar content and the 


"Presented at the Twentieth Annual Meeting of the Insti 
tute of Food Technologists, San Franciseo, May 17, 1960. 

Approved by the director of the New York State Agricul 

tural Experiment Station as Journal Paper No, 1229, July 14, 


1960, 


R. L. LaBelle, R. S. Shallenberger, 
R. D. Way, L. R. Mattick, and 
J. C. Moyer 
New York State Agricultural Experi- 
ment Station, Cornell University, Ge- 
neva, New York 


decrease in titratable acidity which accompany the 
ripening of apples in storage 

In 1942 Tukey (72) suggested that days from full 
bloom was a better indication of maturity than calen- 
dar date. Smock (8) in 1948 published a ecomprehen- 
sive study of maturity indices for determining the 
optimum picking date for McIntosh apples. These 
included pressure test, ease of separation when pick- 
ing, ground color, soluble solids, days from full bloom, 
calendar date, and respiration rate. He concluded 
that respiration rate and eround color were the best 
indices. However, this study was only of apples for 
the fresh market, rather than for processing. Smock 
and Neubert (9) later point out that soluble solids 
content has limited value as a maturity index because 
of variations from year to year 

As the processing of apples has become more im- 
portant commercially, the emphasis has switched to 
the effect of maturity on quality of the processed 
product. Caldwell ef al (1) reported in 1955 on the 
relationship of frozen slice quality to ripeness and 
concluded that ripening of firm-ripe fruit was re- 
quired to improve product flavor and, to a lesser ex- 
tent, color. Wiley and Thompson (13) extended the 
study of maturity and storage effects to canned slices 
and found that early harvest apples should be ripened 
20 days in common storage or 30-60 days in cold 
storage. However, they found that late harvest apples 
gave the best product if processed immediately. They 
suggested that canned-slice quality could be predicted 
from the raw stock by consideration of sugar and acid 
content, firmness, color and other factors, perhaps in 
nomographie form 


EXPERIMENTAL 


Two major processing varieties—Rhode Island Greening and 


ldwin—were selected fe e first part of the maturity study, 
th the intent f extend lnve ration to others later 
on. The procedurs lescribed since that 
ised in 1957 differs onl 1 detai ‘ypical commercial or 
chards of fully-mature: re neal xius, New York were 
seleeted as sources of fruit n 195 he orchards were divided 
to 2 bleeks and in ¢« | } trees was selected 
for each intended har ite App from each block re 
tained their identity throughon rage and processing and 
hence provided 
At each harvest 9 bushels of fruit were picked, promptly 
elivered to the Expe machine size-graded. 
Two-bushel lots m: ng proportions of the 


dominant sizes processing the following 


Samples of 25 


for outdoor storage, anc oY ld storage. 


were drawn letermination and for 
laboratory analysis, The analysi f the fresh apples consisted 
of the following 

Total acid as malic by titration with NaOH and phenol 
phthalein. 

Soluble solids by refractometer 


Flesh color by Hunter Color Difference Meter 
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The apples in 25-kg. lots were processed into sauce in a pilot 
plant of 300-lb per hour capacity. After peeling and coring in 
a Pease machine, the apples were moderately hand-trimmed, 
rinsed, and elevated into an Ursehel Model B cutter adjusted 
to give slices %m x 1% in x random length. These slices dis 
charged from the cutter directly into a continuous serew cooker 
where they were cooked by heating to 213° F in a 3-min 
passage through the cooker. As in the familiar Allen cooker, 
heating is accomplished by injecting steam directly into the 
slices. In this instance steam entered through the perforated 
false bottom of the 4-ft long by 4-in diameter cooker trough 
while the slices were subjected to the slow mixing and con 
veying action of a ribbon serew. The cooked slices discharged 
directly into a Langsenkamp laboratory finisher operated at 
1000 rpm with a *4-in sereen. Such high-speed operation of 
the finisher was required to obtain the peripheral speed and the 
proportion of waste common to commercial operation in 
finishers of larger diameter. 

The sauce discharged from the finisher at 180° F, was 
weighed, and was subsequently batched in a jacketed kettle. 
There it was held in the range 160°-170° F while the econ 
sisteney and soluble solids were earefully adjusted by the addi 
tion of ealeulated amounts of warm water and granulated cane 
sugar. Consistency was adjusted to a Bostwick of 4.6 (10 see 
at 150° F), resulting in a final reading of 3.4 at 30°C. The 
per cent soluble solids was adjusted to about 19. 

Following these adjustments the sauce was pumped with a 
Moyno pump through a shell-and-tube heat exchanger consist 
ing of 10 ft of steam-heated length of * in O.D. stainless 
steel tubing. The sauce, reheated to 195° F, was then filled 
directly into 307 x 409 eans, which were subsequently closed, 
rolled on a holding belt for 3 min, and cooled in a tank of air 
agitated water. 

The bateh-wise adjustment of consistency and solids was 
resorted to beeause of the difficulty in establishing controlled 
proportioning of sugar and water in a minor fraction of the 
time required to pass the 25-kg experimental lot through the 
cooker,—about 15 min. Reheating of the product before filling, 
another departure from commercial practice, is necessary to 
reach the required filling temperature. The ratio of product 
mass to equipment mass is much lower in pilot plant operation 
and results in excessive heat loss by the product. 

Presure tests were obtained on 25-apple samples by taking 
{ readings per apple with the Magness and Taylor-type 30-lb 
tester equipped with the ™%4,-in head. Samples were measured 
periodically during storage in 1958 to follow closely the ripen 
ing of the fruit. The lots being held in outdoor and in cold 
storage were processed when extrapolation of this pressure test 
data indieated 15 lb would be reached. 

The sauce was analyzed in the laboratory after a few months 
storage to determine, as in the fresh apples, total acid and 
soluble solids. Sauce color was read on the Hunter Color Differ 
ence Meter and consistency was measured with the Bostwick 
consistometer, In order to determine objectively the grain of 
, the sieve method of Kimball and Kertesz was em 
ployed. Particle size is expressed as the diameter in millimeters 
whieh divides all larger and smaller particles into equal 


the sauce 


volumes, 

Subjective analysis of the sauce was provided by submitting 
one can of each lot to processed product inspectors. The sauce 
was scored by them according to the ‘‘U.S. Standards for 
Grades of Canned Applesauce.’’ 

Heat units or degree days were calculated as the difference 
between the base of 40° F and the mean of the daily maximum 
and minimum temperatures. They were accumulated from 
April 1 of each year till the day of harvest or of processing. 
In order to account for ripening in storage at temperatures 
below 40° F, an alternate base of 26° F was used when ealeu 


lating heat units for apples held in storage in 1958, 


RESULTS 


Pressure test. At the very outset this study required an effec 
tive means of expressing the maturity of the fruit from the 
processing standpoint. This would serve as the pivotal faetor 
against which both an index of seasonal effectiveness in pro 


moting maturation and the ultimate quality of the processed 
product could be compared. Although pressure test was origi 
nally seleeted for this role, it was later apparent that this 
particular index did not in facet correlate well with fruit ma 
turity at harvest. 

In Figure 1 a family of pressure test curves are shown for a 
1958. It is elear 


series of harvests of R. I. Greenings made in 
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Figure 1. Pressure test relationships for duplicate lots of R. 
I. Greenings harvested at intervals in 1958 and held in outdoo1 
storage. 


that the change in pressure test during the first few harvests 
was so slight as to be illusive and easily masked, e.g. by 
sampling error, This period, characterized by a low rate of 
change of pressure test, unfortunately occurs just prior to and 
at the usual harvest time when an effective index of maturity 
is especially required for prediction and selection of harvest 
date. It was only after these early harvest apples had been in 
storage a week or two that ripening proceeded at a much 
faster rate, thence tending to level out again after the pressure 
test had dropped to the 14-1b level. 

Soluble solids-acid ratio. This negative result forced us in 
retrospect to look for a more effective index of maturity at 
harvest time. Such chemical indices as sugar or acid content 
of the fruit suggested themselves because of their direct bear 
ing on the edible quality of the product, both fresh and 
processed. Unfortunately the ranges, in which they vary during 
the season, themselves change from season to season with fruit 
size or photosynthetic activity. However, this shortcoming can 
be eorreeted by forming the ratio of soluble solids with total! 
aéid. Soluble solids was selected here because it is more readily 
measured than is sugar. This soluble solids-acid ratio is then, 
more constant from season to season than the absolute leve 
of either component alone. Furthermore, soluble solids is in 
creasing as total acid is decreasing with maturation, so that 
the ratio itself is changing more rapidly than either. For these 
in this 


reasons soluble solids-acid ratio replaced pressure tes 
study as the primary index of fruit maturity. 

As a first check on the effectiveness of this index, the ratios 
obtained for a series of harvests of both R. L. Greenings and 
Baldwins in 1957 and 1958 were plotted against the calendar 
date of harvest in Figure 2. While the ratios gave very decided 
trends for each variety in each year, the relationships fo 
neither varieties nor years coincided. There was a displacement 
of about 2 weeks between the curves for 1957 and 1958 in each 
variety. It was noted that 1958 had been a near-record cool 
summer while 1957 had been about normal with respect to tem 
perature. Heat unit accumulation had in fact lagged in 1958 
about two weeks behind 1957. 
solids-acid ratios are plotted against heat unit accumulation in 


Consequently, when soluble 
Figure 3, the trends for the 2 years coincide, deseribing but 
two eurves—one for each variety. The corresponding linear 
coefficients of correlation are 0.91 for R. I. Greenings and 0.95 
for Baldwins. 

Sauce color and flavor. Since we have tentatively established 
heat units as a seasonal index of apple maturity, better than 
the calendar date of harvest, we may proceed to show how the 
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Spice Shipments 
are not always the same... 


BUT CONTROLLED EXTRACTION ASSURES 
UNIFORMLY PURE, POTENT PEPPER FLAVOR 


IN SOLUBLIZED 


Pepperoyal is no ordinary soluble pepper. Use the same amount of 
Pepperoyal in every batch of your product, and every batch will smack 
of the same pure pepper flavor. 

True, it is processed from prime quality pepper berries. But, its real 
quality distinction originates in the Griffith laboratories. The potency, 
purity and uniformity of pepper flavor in Pepperoyal is controlled by 
our exclusive process of extraction.* It assures you of the same flavor 
quality in every shipment of Pepperoyal, or any of Griffith’s Solublized 
Seasonings. 

A real contribution to the flavor control of your products! Let’s 
talk about it. 


U.S. PATENTS 2571867, 2571948 
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How Shun 
Puts More Profit 
Into Food Products! 


If your food product requires enrichment, color, flavor...then STERWIN 
can help you save me, money, labor . . . so give you more profit 

For STERWIN offers unique extras in vitamins, colors, vanillin and 
these superior ingredients are fitted into your production picture by 
experts with years of practical and technical experience. These STERWIN 
Technically Trained Representatives have cut ume, expense, production 
steps for manufacturers producing a widely varied range of food 
products: candy, bread, margarine, soda, fruit juice, cereals . . . to 
name just a few. 

STERWIN ingredients are delivered when you want them, in the quan- 
tity you need. Keeping delivery promises 1s a STERWIN tradition that 
helps keep your production at top efficiency. 

For new production set-ups or to improve an existing one . . . see 
your local STERWIN Representative .. . costs you nothing .. . can 
profit you plenty 


Chemitale.. 


Subsidiory of Sterling Drug inc 


1450 Broadway, New York 18, N.Y. 


lAckowonne 4-6400 


You get these extras 
when you buy: 


STERWIN VITAMINS. . . . the most 
complete line in the field . . . immedi- 
ate delivery in any quantity. 

STERWIN COLORS... Parakeet 
Certified F.D.&C... . backed by a 
highly experienced technical staff to 
help you with your color problems. 


STERWIN VANILLIN . . . pure, 
ZIMCO® U.S.P. Vanillin . . . unlimited 
supply of basic material from world's 
largest vanillin producer 


STICKS AVAILABLE AT: Atlanta, 
Dallas, Deaver, Evanston, Kansas 
Los Angeles, Mento Park, S21, Man 


apelis, Portiand, Ore,, Rimiseiser, 
fit. Louis, 
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APPLE MATURITY 
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SOLUBLE SOLIDS-ACID RATIO 
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Figure 2. Soluble solid-acid ratios in Baldwin and R. I. Green- 
ing apples for a series of harvests in 1957 and 1958. 


color and flavor of the processed product are related to ma 


turity expressed in terms of heat units. Color and flavor scores 
obtained under the processed product grade for sauce made the 
day following harvest are plotted against accumulated heat 
inits in Figure 4. In this sauce made from R. I. Greenings 


both factors were initially substandard; but the quality im 
proved with maturation so that by the time 3800 heat units had 
accumulated in the orchard in 1958 a Grade A sauce was made 
without the necessity for ripening the apples in storage. For 
Baldwin apples the corresponding cross-over oceurred in 1958 
at 4000 heat units. 

Since most processing apples are storage ripened, it is perti 
ient to inquire how this post-harvest ripening affects sauce 
quality. When apples from the same harvests were ripened in 
outdoor or in cold storage to a pressure test of 15 lb, the 
quality with maturity of harvest persisted 
Now only. the 


improvement in sauce 
but was less pronounced as shown in Table 1. 
first harvest fails to provide a Grade A product. 

Note that heat unit totals for the 


approximately level for each variety, averaging 4,360 for R. 1. 


storage apples are 


Greenings and 4,660 for Baldwins. As expected, the apples 
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Figure 3. Soluble solid-acid ratios in Baldwin and R. I. Green- 
ing apples as a function of accumulated heat units. 


AND APPLESAUCE QUALITY 


TABLE 1 


Average color and flavor scores for apples ripened to 15 pounds 
pressure test in both outdoor and cold storages in 1958 


t Greening Baldwin 

Harvest j 

date eat Col Flavor ses Color | Flavor 
9/24 ‘ 14 17 1.674 16.5 
fete 168 7 7 17.2 17 
10/7 8 7 17 1,68 17.5 17.8 
10/15 1.324 18 18 4,597 17.8 18.0 
10/24 12 4 608 18.5 17.8 
11 1 18.5 | 
Averages 4 

Bas 4 i ur f g Data are average 
of two storages and 
ripened longest on the tree required ast ripening in storage. 
Even though different heat unit bases, 40° F and 26° F, were 
used for orehar ind storage the relative constancy of these 
heat unit totals withir ich variet shows the complementary 


character of orchard and storage ripening. The second harvest 


which were a significant exception, ripened most slowly 


pples, 
ind prov ded th oO! st st 


Comparison of maturity indices. 


ore 


Both soluble solids-acid ratio 


and heat units have been suggested as indices of maturity fo 
processing apples in this stud It has been shown that if the 
former is a measure of the chemical maturity of the fruit, 


then heat unit accumulation, whic corre tec closely with it in 
this 2-vear study, is a better-seasor measure of maturity than 
s calendar date 

Another index of maturity s days following full bloom, 


consideration, 


ition is seasonal measure. 


hich like heat unit eun 
ndex has been emp! by others and deserves 
2 these 3 indies essure test are listed 


tor comp irison 


TABLE 2 


Comparison of maturity indices from 1957 and 1958 data 
on R. I. Greenings 


157 1958 
Heat units (base 40° I ) R00 800 3555 
Days after full bloon 14 14 i 122 
Calendar date of harvest 10 10/11 9/23 9/23 
Pressure test. Ib 24 l 25.1 24.1 
ible solids/acid 15.4 13.5 
\pple flesh color, Hunter a/t z 29 2 38 
Supplementing soluble solids-acid ratio here as a_ direct 
measure of fruit matut ind qu t is the hue of apple flesh 


olor, or a/b ratio, as determined with the Hunter Color Differ 
ence Meter. This objeetive measu! has been observed to under 
go a deeided change from green-yellow to yellow as apples 
ripen However, it may be more of a research tool than a 


practical index of maturity 


Adjacent columns in the table contain data sets from both 


seasons selected so that e underlined index remains constant. 
This permits ready inspection of how closely the other indices 


igree in the 2 seasons. It is at once apparent that no 2 indices 


igree exactly. The greatest differences in soluble solids-acid 
ratio and flesh color, bet! ires of fruit maturity 
or quality, oeeur whe endar date of harvest or pressure 
test are held constant [It has already been shown that these 2 
indices are inadequate 
There is little to choose in this respect 
and date of ful 
4] 


observed in soluble solids-acid ratio and in flesh color oecur to 


vetween heat units 
bloon It is noteworthy that the differences 
equal extent but in opposite directions. At equal heat unit 
accumulation apples were less ripe in 1957 than in 1958. On 
the contrary at an equal number of days after bloom, apples 
were more ripe in 1957 than in 1958. By employing in 1958 a 
heat unit 


indices, s and days afte 
145 respectively, R. I. Greenings with 


compromise between the 


full bloom—say 3870 anc 
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the same flavor and color as in the previous year could have 
been harvested. This suggests that the truth lies somewhere in 
between these 2 
In the 


solids-acid ratio and the hue of flesh color as measures of raw 


indices 
preeeding comparison we have relied upon soluble 
produet quality. This comparison is strengthened by referring 


further to the quality of the processed product applesauce. 
This ean be done indirectly by noting that these measurements 
of raw produet quality correlate with flavor and color scores 
in the snuce with eoefticients of 0.87 and 0.80 respeetively. 

Other measurements of sauce quality. 


implies adequate measurement of the 


Relating apple ma 


turity to sauce quality 


latter. However, the several quality factors differed both in 
their susceptibility to adequate objeetive measurement an 1 in 
their sensitivity to the necessarily combined effeets of maturity 


processing, 

Consistency of the sauce was suceessfully controlled at a 
certain level and henee was eliminated in this study as a faetor 
in which maturity affeets quality. In 72 lots of sauce made 
from R. I. 1958, the change in 
Bostwiek consistency 


water with a linear coefficient of 0.91. The measures taken to 


Greenings and Baldwins in 


reading was related to the addition of 


control consisteney viding more or less water—necessarils 

iffeeted sauee vield, and this will be separately reported, 
Although the measurements of particle size, grain, or finish 

in these sauees do not show large differences due to maturity, 


both the objeetive determination of partiele size and scores for 
finish given by the processed product inspectors show a slight 
but eonsistent trend towards improvement in grain with ad 


veneing maturity as shown in Table 3. This trend is most 


TABLE 3 


Effect of harvest sequence on the score for finish in applesauce 
when processed on the day following harvest 


Harvest Part Finish Particle Finish 
im score size, mm score 
1.13 
1.17 17 
11 Is 18}17.7 
Is 1.12 
7 17 
17.7 74 7A 16% 
a4 17 
1.11 
1.1 ls af 17! 17.7 
1s 


clearly shown if the averages of the first 3 and last 3 harvests 
ire compared in each ease. It is then clear that the improve 
ment is consistent in all 8 comparisons. The average increase 
in particle size is 0.10, or 10°, and the average improvement 
in the grade seore for tinish is 1.0, sufficient to advance the 
grade from © to A, 

This improvement is seen only in sanee processed directly 


When these 


finish was substantially the same in 


ifter harvest apples were ripened in storage to 
15-lb pressure test, the 

sauces from all harvests Moreover, there does not seem in 
these data to be any certain level of particle size associated 
with a Grade A product. The objective test fails to differenti 
ate absolutely between a high and a low grade finish. 

Color and flavor in sauce proved to be much more easily or 
reliably judged by eve and tongue than by objective measure 


ments. Henee reference is made in this respect to processed 


product grade scores when evaluating the effects of maturity 
on sauee quality. Measurements made with the Hunter Color 
Difference Meter on sauce failed to differentiate in any of the 
among color differ 


} parameters—hue, chroma, or brightness 
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Figure 4. Improvement in sauce color and flavor in successive 
harvests of R. I. Greenings, 1958. 


ences Which to the eve, even in color photographs, were readil 
apparent. Only in the fresh apple was the difference in hue 
detected with the Huntet 


DISCUSSION 


The inability of the pressure test to indicate har 
vest maturity effectively came as no great surprise 
Previous experience with its uncertainty at harvest 
time and considerable distrust of it among growers 
attributed to 
However, in this case sampling was car 


and processors had been inadequate 
sampling. 
ried out with great care, replication was provided 
and tests were repeated frequently throughout thy 
harvest and storage periods. The well-defined curves 
provided by this considerable body of pressure test 
data clearly indicated the source of diffieulty——the 
initial low rate of change. Thus, it seems fair to sa) 
that pressure test is a better index of maturity for 
apples ripening in storage than for apples approac! 
ing harvest maturity on the tree. 

Soluble solids-acid ratio, though requiring only a 
refractometer reading and a simple acid-base titration 
is less simple than pressure test to perform in the 
field. It is a method for the processor, rather than the 
grower, to use in following and predicting maturation 
or in evaluating the potential quality in a block of 
Hlowever, we have 
soluble 
The lat 


either 


apples acquired for processing. 


demonstrated a close relationship between 
solids-acid ratio and heat unit accumulation. 
ter is easily followed from day to day by 


processor or grower and may be particularly useful 
for predicting the time of maturation, as well as for 
present evaluation. Of course, we must make some 
reservation here for the abnormal orchard in’ which 
maturation is affected one way or the other by disease 
or by some cultural aberration such as excessive 
fertilization. 

In the light of results subsequently obtained in the 
abnormally-warm 1959 season, further reservation on 
the use of heat unit accumulation as a maturity indes 
may be necessary. It appears that the conventional 


use of a linear heat unit function may not be applica 
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APPLE MATURITY AND 


ble when high temperatures prevail. This develop- 
ment will be reported separately. 

Pressure test and soluble solids-acid ratio have 
separate applications in quality control when proper 
processing maturity has been reached. From the 
pressure test, the duration and temperature of the 
cook necessary to achieve the desired texture or grain 
of the product can be deduced, On the other hand the 
prevailing soluble solids-acid ratio will inform the 
processor of the proportion of sugar required to reach 
a certain level of soluble solids, or preferably a cer 
tain ratio in the product. Fortunately the acceptable 
range is quite broad, with a peak being variously re 
ported as high as 49 (2) and as low as 25.5-32.8 (10) 
In data collected here from a small expert taste panel 
rather than from a large, consumer panel, greatest 
acceptance was obtained for soluble solids-acid ratios 


in the range from 2S to 45 as seen in Figure 5 


Figure 5. Comparison of taste panel flavor score with soluble 
solids-acid ratio in applesauce 


It is important to note that while wide differences 
were encountered in sauce quality when apples were 
processed the day following harvest, storage ripening 
the fruit to a common pressure test or heat unit 
accumulation prior to processing greatly reduce 
these differences. Even so, storage-ripened apples 
never developed the desirable color, flavor, and grain 
encountered in tree-ripened fruit. This discrepanes 
was readily apparent in the sauce. Clearly from the 
standpoint of product quality, R. 1. Greenings should 
be tree-ripened further than is now current. Ord 
narily this variety is harvested late in September in 
the Lake Ontario fruit belt. Our results suggest that 
this harvest should be delaved a week or two, depend 
ing on heat-unit accumulation, in order to maximize 
product quality. Since the fruit is still growing at 
this time, this might also inerease orchard vield, 
barring excessive drops 

The possibility of assessing maturation of apples 
in storage from further heat unit accumulation § is 
especially interesting. Where storage temperature is 
closely controlled, as in cold storage, this would make 
it possible to predict accurately the time at which 
storage apples would reach the optimum ripeness for 
processing based on previous experience. A stumbling 
block here is the selection of the proper base tempera 
ture for calculating heat units in storage. In this 
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study 26° F was arbitrarily selected since it was 
below the lowest storage temperature and approxi- 
mated the freezing point where a discontinuity in 
ripening could be expected. It also was seen to pro- 
vide nearly equal heat unit accumulations in outdoor 


Appropriately, ripening rates were 


and cold storage 
about three times as fast in outdoor storage as in cold 
storage, with average temperatures of 48° F and 


30 respectively 


SUMMARY 


> 


A series of harvests of R. 1. Greenings and Baldwin 
apples in 1957 and 1958 permitted evaluation of ma 

rity indices, Th 1" to the quality of 
sauce processed fron ese apples both with and with- 
out storage ripening was also investigated. An apple- 
sauce pilot plant of 300 lb per hour capacity was used 
to process sauce from this fruit under precisely con- 
trolled conditions and in equipment closely simulating 
commercial proeessing 

Pressure test was discarde prime index of 
maturity at harvest in favor of soluble solids-acid 
ratio in the fresh fruit. It was shown that the rate of 


change oft pressure test prior 


harvest was 
TOO low T roy abl liffers 


(‘ony ersely, 


hanged in this same 


soluble solids at 
period and has bearing on product quality. 


In addition the ratio was close Vv co related with heat 


; unit accumulation over the two seasons studied 


Sauce color, vol ul grain improved as harvest 


vas delayed to allow the fruit to tree-ripen. This was 
particularly noticeal if le 3 le were processed 
nto sauce directly after harvest wever, even when 
fruit was ripened _as measured 
unulated he units, sauce 
om late-harve was still notice: ; better 
While presure test and calendar date of harvest 
ere shown to b indices of maturity, heat 
init accumulation full bloom were 


observed to be abo The best pre 


lietion of apple mati in 1958 based on results 


obtained in 1957 won nvolved a compromise 


between the latter two 
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Optical Density of Tomato Serum from Concentrates 
as a Measure of Heat Induced Changes 


in Product Corrosivity’ 


Manuscript received May 18, 1960 


CONCENTRATED tomato paste 
can be stored and shipped more economically than 
low solids paste. This factor plus recent engineer- 
ing improvements to concentrating equipment have 
started a trend toward production of higher solids 
tomato paste. 

Unfortunately, problems of product stability have 
been encountered with the more concentrated prod- 
ucts. Keeping qualities are reduced. Flavor retention 
of high density pastes becomes critically dependent 
upon storage temperature. Shelf life of the container 
is shortened by the evolution of carbon dioxide 
from the paste, and hydrogen from corrosion of the 
container. 

In order to cope with this problem, packers have 
found that they must take preeautions to see that the 
paste is not exposed to too much heat during process- 
ing, cooling, or storage. This paper is concerned with 
a method for detecting heat induced changes, and 
with a basis for quantitatively evaluating these 


changes. 


* Presented at the Twentieth Annual Meeting of the Insti 


tute of Food Technologists, May 18, 1960, San Francisco, 


California, 


H. H. Hernandez and 
J. F. Feaster 
Technical Service Division, American 


Can Company, San Francisco, Calif 
and Maywood, Illinois 


Luh et al (1) have previously reported work on the 
problem of heat induced changes in tomato paste 
They used the changes in amounts of hydroxy methy! 
furfural, tannin-like compounds, ascorbie acid, amino 
acids, and serum color to follow the thermal degrada 
tion of the paste. Only the serum color is applicable 
to control uses, for the following reasons : 

a. The increase in hydroxy methyl furfural is evi 
deneced only when the storage temperature is above 
that which might reasonably be encountered. 

b. The changes in amino nitrogen, ascorbie acid, 
polyphenolics and reflectance measurements are all 
excellent methods for following laboratory type ex 
periments, because the initial values can be deter 
mined. In commercial practice, the variation in 
starting materials makes the use of these methods 
difficult. 

The use of headspace carbon dioxide determination 
for measuring heat damage also is not feasible, be 
cause the amount of carbon dioxide is dependent upon 
the manner in which the paste was damaged. There 
fore, it does not show a linear relationship to degree 
of darkening change. 

The color of tomato serum appears to be the best 


11. 
12 
12 
} 
14. 
~ 
‘ 
1 
; 
} 
+ 


OD OF TOMATO SERUM AS MEASURE OF HEAT-INDUCED CHANGES 


eurrent method for commercially evaluating burning 


of tomato paste. This is because (a) the color of un 


burned tomato serum after dilution to a given concen 
tration is relatively constant, (b) the amount of 
change in optical density is proportional to the 
amount of burning, and (¢) the color of tomato serum 
can be used to make accurate predictions of expected 


service life. 


EXPERIMENTAL METHOD AND RESULTS 


The experiments and data deseribed here were designed to 
clarify two questions 

a. How do solids, per se, affeet the shelf life of tomato 
paste? 

b. How do different temperatures during processing, cooling, 
and storage affect shelf life and product quality? 
Terminology as used here: 

a. Optical Density 


b. Tomato Serum: clear filtrate obtained from tomato 


minus the log % transmission. 


juice, puree, or paste, after dilution to 2.5% solids. 
¢. Tomato Solids The solids of tomatoes as determined by 
the use of a refractometer and reference to the National Can 
Association handbook on tomato products (2). 
Vormal Paste: A paste containing 15-30 mg ascorbic 
per 100 g 5) solids, having a U.S.D.A. grade of 57 or 58, 
nd whose serum has an optical density of 0.03 or less after 
subtracting the blank. 

e. Failed Can: A ean whose end has become distended duc 
to the formation of COs or He inside the container. 

Analytical procedures. Optical density of tomato paste serum 
was determined as follows. After determining the refractome 
ter solids of the paste, 25 g of the paste were diluted with 

10 times © of solids 25| ml of HO. The diluted juice 
was then mixed with an equal volume of Celite, and filtered 
through Whatman No. 42 paper. The OD of the erystal clear 
filtrate was determined on a Beckman Model B_ spectropho 
temeter at 420 mme in a 1 em cuvette, using water as a blank. 
All values reported here have had 0.17 subtraeted from them. 
This was done to correct for the color of normal raw tomato 
serum 

The choice of 420 mme as the proper wave length was pre 
lieted on the absorption curves shown in Figure 1, This wave 
length is a compromise between the point of highest absorption 

410 mme and the lower deviation in the color of raw tomato 
serum at 425 mme. Further substantiation for this choice is 
seen in Table 1, in which the OD of tomato serums from raw 
tomatoes of a wide variet types, growing conditions, ma 
turities, and picking dates are reported. These data were also 


wed in determining the amount of correction faetor (0.17 OD 
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Figure 1. Effect of scorching on the spectrum of tomato 
serum. “Normal” serums were obtained from juice, puree, and 
paste serums. “Burned” paste was obtained by storing a 36% 
paste for 10 days at 130° F. 


rABLE 1 


Optical density at 420 millimicrons in 1.0 cm cuvette of 
raw tomato serum 


Optical 
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Refras len ity 


ometer 
solids 


of 2.5% 


total 
solids 


amples 


Improved 
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tipe Pearson 
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tipe Pearson 


mproved 
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son X I 


earson X I 
Pak No 1 


to apply to the commercial pastes, 
purees, and juices, 

If difticulty is yuntered h filty the tomato 
serum, the use of Pectinase as d ribed by Luh al (1) may 
be advisable 

As a point of interest to note 


t an expenenced differences on 
onstituted juice ‘ the tomato s in f 2 samples vary 
0.15 OD. Samp whe un above 0.70 optical 
isity are usuall ern ‘obj onable.’’ Samples which 
this laboratery found to have a serur if over 0.85 were 
from a lot of cans ‘off-grade’’ by 
U.S.D.A, inspectors. 
Description of containers. All cans used in this work wers 
ain, common coke 60 i cCuls, enameled ends, 
Effect of temperature on optical de 


nsity of tomato serum. Thi 
eorrelation of the opti ensitv W t 


h the degree of heat dam 
severe process condit vn on Table 2. The 
samples reportes »btain inder adverse com 

ial eonditions suel closing machine, 
pumps, ete. during whicl b ially extended high tempera 
ture holds were eneount 
The effeet of inad cooling conditions on the OD of 
serum of tomato paste checked follows. Freshly manu 
factured 46% tomato paste was wate! oled to a can center 


temperature of 135 the cans were then placed in a 


TABLE 2 
Effect of severe process conditions on optical density 
of tomato serums 
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Figure 2. Increase in optical density of serum from 46‘; 
tomato paste stored at 130° F. 


150° F oven, Samples were drawn over a period of 9 days for 


analysis, Results are shown in Figure 2. 

The effect of storage temperatur on OD of serum from 
tomato produets was determined over a six months’ period 
Juice (8.80) solids) and paste 267 and 46° solids) were 


stored at different temperatures. The data in Figure 3 demon 
strate that raising the storage temperature has a marked infiu 
enee on rate of increase in OD of the serum, As the solids of 
the canned tomato produet ire inereased, the influence of tem 
perature becomes more pronounced, 

Effect of optical density on expected shelf life of tomato 
paste. The shelf life of a pack of commercial 46°; tomato paste 
with different OD stored at 70° F is shown in Figure 4. These 
differences were obtained as follows. The OD of 0.03 was 
obtained under the eannery’s normal water cooling proceedure 


The 0.05 OD was obtained by bright stacking and air cooling 


20) 


02+ ° 


OPTICAL DENSITY 


6 MONTHS STORAGE TEMP °F 
Figure 3. Optical density of serums from juice and paste 
after 6 months’ storage at 37° F, 70° F, 85 F and 130° F. Data 
shows a straight line semi-logarithmic plot of a first order 
reaction. 


MONTHS TO 50% FAILURE 


0.D.SERUM 25% SOLIDS 

Figure 4. Effect of caramelization on time to 50‘; failure of 
46’, tomato paste in 603 x 700 Common Coke cans. Data is pre- 
sented as a straight logarithmic plot. Lack of linearity of the 
data on rectangular coordinate, semilogarithmic, or reciprocal 
paper indicates that the kinetics are not presentable as a simple 
zero, first, or second order reaction. The rate of failure is there- 
fore probably a complex of several interactions resulting in a 
fractional order reaction. 


this same paste. The burning to 0.30 was obtained by casing 
the cans hot, and the OD of 0.85 was obtained by reeireu 
luting the paste in the filler bowl through a tubular heater. The 
plot of 500 failure of the cans against OD of the serum 
showed a startling decrease in service life as the OD at the 
time of canning was increased, 

Effect of solids on shelf life of tomato pastes. The data rm 
ported in Figure 5 have been obtained over many years, from 
experiments in which the effect of solids was not the prim 
consideration. For this reason, factors other than solids con 
tent may have intluenced service life. The data, however, show 


clearly that as solids of tomato produets increase from that of 


COMMON COKE 603X700 CANS 


8 


% TOMATO SOLIDS 


24 
20°3040 6080K0 20 80 
MONTHS TO 50% FAILURE 70°F 


Figure 5. Effect of tomato solids on time to 50° failure of 
tomato products stored at 70° F in 603 x 700 Common Coke 
cans. Logarithmic plot is used. Lack of linearity of data on 
rectangular coordinate, semi-logarithmic, or reciprocal paper. As 
expected, the reaction is more complex than a single zero, first, or 
second order reaction. 
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solids 1 paste of 400 solids, the expected measured unde? the same conditions Report results 


product is reduced by over 5 fold when stored of color measurements in terms of this color index. 


oo t perature vee 
— Pa The results obtained here indicate that serious con- 

sideration should be given before increasing the solids 

of tomato paste in a commercial operation. It is now 
The type of equipment used to measure light trans obvious that tomato paste of very high densities 
ssion of tomato serum varies from laboratory to should be manufactured with the utmost care. and 


laboratory. Kor this reason, color measurements have warehousing should be under the best of conditions. 
been reported in terms of OD measured with a Beck The method presented here will help those who use it 
man Model B or Coleman Model 14, or Klett Read to determine quickly how well they are succeeding in 
nes. Use of different units makes it difficult to com- holding down process damage, and in evaluating their 
are tomato serum color data obtained in different warehousing practices. The double effect on service 
aboratories. As Luh ef al (1) state, it is sometimes life of high solids and heat damage to the product at 


difficult to obtain clear filtrates They report that any point has resulted in pastes which, in test packs, 


incubation with Peetinol helps in obtaining clear had 50% failure in less than 3 months 
filtrates 
To assist in making tomato serum color measure SUMMARY 
ments and expressing results in terms independent of The optical density of serum from tomato products 
the instrument used, the following analytical pro has been found to be a useful measure of heat damage 


‘cedure is suggested during production and storag Raising the storage 


Mix the sample with sufficient water to give 2.75% temperature or increasing the solids in the product 
solids. Centrifuge, then remove 20.0 ml of the super accelerates darkening of ‘rum. Service life 
natant liquid. To this add 2.0 ml of a freshly pre the canned preduct decreases as optical density 
pared 10% Pectinol suspension and incubate 90 min the serum, per cent lid f the tomato product, 
at 105° F. Then add about 0.2 ¢ Supercel, mix, and storage temperature is incre: The desirability of 
filter through a fine filter paper. Measure light trans protecting high solids tomato paste from heat damage 
mission of the clear filtrate at 420 mme. Prepare a during production and storage has been demonstrated. 
reagent blank. including the Pectinol, and measure A method has been developed for measuring light 
its transmission. Correct the reading of the serum for transmission of tomato products and reporting results 
this blank. Calibrate the equipment by making a in terms of a color index that is independent of the 
series of standard potassium dichromate solutions and equipment used to make the measurements. 
measuring their light transmission under the same 
conditions used for the tomato serum. Prepare a tATURE CITED 
calibration ‘urve or instrument constant to convert l , LEONARD, IMAN, ) . Objee 
data for the tomato serum to a color index which ts: el nauto paste, Food 


the meg of potassium dichromate per ml of solution \ I, Revined 
that has a transmission at 420 mme equal to that of Paste, Catsup, Chili 
) AC 


the clarified tomato serum 2.5% tomato solids 
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Councilor, L. J. Ahlberg St.. Vancouver 9, B. C., Canada. Councilor: D. R. MacGregor 

New York, No. 6: Chairman, B. L. Oser. Secretary, Norman H. Ishler, AUSTRALIA SOUTHERN, No. 23: Chairman, L. N. Macleod. Secretary 
General Foods Research Center, 555 8S. Broadway Tarrytown, N. ¥ Robert G. Miller, 22 Cooloongatta Road, Camberwell E 6, Victoria 
Councilors, A. Astrack, KR. R. Barton, H. A. Campbell, E. M. Crozier, Australia. Councilor, K. T. H. Farrer 
S. L. Galvin, J. K. Krum, R. E. Morse, E. F. Stier 


x R D I Ak-Sar-Ben, No. 24: Chairman, H. E. Nelson. Secretary, Richard K 
herp jrown itrus Machines inter aven, a ounchor, cilor, R. P. Joslin. 


HAWAIIAN, No. 25: Chairman, R. M. Heinicke. Secretary, Raymond | 
( Bice he R. T ( Mori, 3066 Puhala Rise, Honolulu 14, T. H. Councilor, E. Ross. 


Rochester 9, N. Y. Councilor, F. A. Lee Mexroo, No. 26: Chairman, M. Ibarra. Secretary, Emma G. Balboa, 
Great Lakes, No. 9: Chairman, J. A. Adams. Secretary, Mary Morr, Oriente 107, No. 114 Col. Bondojito, Mexico 14, D.P., Mex. Coun 
Michigan State Univ.; Home Economics Bldg., East  pHhone oh Mich cilor, C, J. Horney. 


Councilor, F. J. Erickson 


Wisconsin, No. 27: Chairman, O. Freund. Secretary, H. Katherine 
PHILADELPHIA, No. 1 Chairman, F. B. Jacobson. Secretary, Murray Power, Ripon Foods, Inc., Ripon, Wis. Councilor, A. O. Oall 


Ouapes Inse t Ce ntro & Resear: h, 2635 Mt. Carmel Ave., Glen Minnesora, No. 28: Chairman, G. A. Vachs. Secretary, Shirley Tran 
de ‘ ouncilor, R. H. Jacobsen tanella, Dept. of Hort., Univ. of Minnesota, Inst. of Agr., St. Paul 1, 
MARYLAND, No, 11: Chairman, | I. Cohen. Secretary, Richard J. Le Minn. Councilor, J. F. Wintermantel 

t orge, se ) Charles St. Ave., Towson 4, Md. Councilor, C. A Kansas Crty, No. 29: Chairman, J. M. Gorman, Secretary, Ruth 
‘ Steinberg, Univ. Kansas Medical Center, 39th and Rainbow, Kansas 


12: Chairman, Vey J. Valentine. Secretary, Walter City 12, Kansas. Councilor, A. E. Stevenson 


Canners Assn., 1600 Jackson St., Seattle 4. 
G. I nes Japan, No. 30: Chairman, T. Obara. Secretary, Masao Fujimaki 
Tokyo Univ., Faculty of Agr., Hongo, Tokyo, Japan. Councilor, 


Chairman, E. K. Wardrip. Secretary, Frances Carlin, 


suilding, lowa State College, Ames, Ia. Councilor, 
WASHINGTON, No. 31: Chairman, H. Reynolds. Secretary, James W 
Momuawk VALLEY, No. 14: Chairman, J. W. Stewart. Secretary, Glenn Bell, National Canners Ass'n, 1133-20th St. N. W., Washington ¢ 
H. Olmstead, State Univ. of New York Agr. & Tech. Inst., Morris D. C. Councilor, F. L. Gunderson 
ville, N. ¥. Councilor, T. F. Irmiter. Rocky Mountain, No. 32: Chairman, R. L. Horst. Secretary, Max 
Onre VALLEY, No. 15: Chairman, N. M. Spain. Secretary, Wilbur A Jonke, The Colorado Milling & Elevator Co., 620 Equitable Bldg., 
Ohio State Univ Hort. Dept., Columbus, Ohio. Councilor, Denver 1, Colo. Councilor, E. H. Hungerford. 


tobinson Bivuporass, No. 33: Chairman, W. J. Shannon. Secretary, Joe ( 


6: Chairman, C. E. Samuels. Secretary, James M. Mor James, The Hirsch Bros. Co., Pickledilly Station, Louisville 7, Ky 
inning Co., Stayton, Ore. Councilor, H. W. Schultz Councilor, H. W. Putnam. 


MEMBERSHIP 


Write to nearest regional secretary if within an area covered by a regional section, or to the Executive Secretary of the Institute for an application 
form and information regarding qualifications and classifications. 
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new P-K solids-processor* performs up to 


solids processin 
operations 


*Patented and Patents Pending 


1. Precision gentle blending 
2. Intensive blending 
3. Liquid-solids blending 
4. Granulation of solids 
5. Vacuum drying of solids 
6. Coating of solids 
7. Heat sterilization of solids 
8. Gas sterilization of solids 
9. Chemical reaction of solids 


10. Heating or cooling of solids 
(Many of these operations can be performed under vacuum ) 
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The P-K Solids Processor gives you many exclusive opportunities for savings — 
in quality control, equipment, time, manpower, space. It not only combines vacuum 
drying and liquid-solids blending in one fully packaged unit for the first time, but it also 
performs in a simple sequence more operations in a single unit than ever before possible. 


DRY BLENDING— With this latest P-K ‘“T'win-Shell’” development you can tumble solids 
to give gentle precision blending. This may be done under vacuum or atmospheric 
conditions, in inert or sterilizing gas, with heat in jacket up 200°F., or with cooling 
through jacketed shell. If required, intensifier bar action breaks up agglomerates or 
gives uniform dispersion of difficult materials such as pigments. 


LIQUID DISPERSION, GRANULATING — You can disperse controlled amounts of liquid 
uniformly into solids. Fluids of any viscosity can be handled. 

Dispersion can be sufficiently intimate to provide a lump-free powder. Or you 
can regulate it to produce granulations of controlled size. As in dry blending, you can 
conduct these steps under vacuum or atmospheric conditions, in inert or sterilizing gas, 
or with cooling or heating through jacketed shell. 


VACUUM DRYING — You can use the P-K Solids-Processor to vacuum dry heat sensitive 
materials. A separately actuated agitator speeds drying to a finished fine powder or con- 
trolled granule. In final stages of drying, direct hot air or gas can be introduced. 

All P-K Solids-Processor systems are completely packaged. Available in stand- 


ardized models with charge capacities from one to fifty cubic feet. 


PRE-TEST SERVICES — A production model of the new Solids-Processor is available for 
pre-testing at our Pre-Test Laboratory in East Stroudsburg. Standard, intensifier and 
liquid-solids ‘““Twin-Shell’”” Blenders are also available . . . as are packaged vacuum 
tumble dryers (conical type) and ribbon blenders. 

Using your materials, P-K engineers can demonstrate things impossible to see 
without pilot study... work out subtle variables in blending, granulating, drying... 
indicate scale-up results and operational procedures . . . and predict savings in materials, 
labor, investment. 

You'll gain the most by making the trip personally to East Stroudsburg. Your 
guidance will be helpful. If you cannot make the trip, send your materials. 

All P-K equipment is completely described in P-K’s new 
process catalog No. 16-P. For your copy or to make pre-test arrange- 

ments, write or phone George Sweitzer 
| at Stroudsburg, Hamilton 1-7500. 


Patterson (a) Kelley 


Chemical and Process Equipment Division 
116 Burson Street, East Stroudsburg, Pa. 
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(Continued from page 15 preceding Technical Section) 
solids-acid ratio in the fresh fruit. The rate of change of 
pressure test prior to and at harvest was too low to provide 
reliable differences. Conversely, soluble solids-acid ratio 
changed rapidly in this same period and had a direct bear- 
ing on product quality. In addition the ratio was closely 
correlated with heat unit accumulation over the two sea- 
sons studied. Sauce color, flavor and grain improved as 
harvest was delayed to allow the fruit to tree-ripen. This 
was particularly noticeable if apples were processed into 
sauce directly after harvest. However, even when fruit was 
ripened to a common extent, as measured by pressure test 
or accumulated heat units, sauce from late-harvest apples 
was still noticeably better. Pressure test and calendar date 
of harvest were shown to be inferior indices of maturity, 
but heat unit accumulation and days after full bloom were 
observed to be about equally effective. The best prediction 
of apple maturity in 1958 based on results obtained in 1957 
would have involved a compromise between the latter two 
indices. (See page 463). 


Heat damage during 
production, storage of 
tomato products 


Measurement 


Optical density of tomato serum from concentrates as a 
measure of heat induced changes in product corrosivity. 
H. H. Hernandez and J. F. Feaster. 


The optical density of serum from tomato products was 
found to be a useful measure of heat damage during pro- 


duction and storage. Raising storage temperature or in 
creasing solids in the product accelerates darkening of the 
serum. Service life of the canned product decreases as opti 
eal density of the serum, per cent solids of the tomato 
product, or storage temperature is increased. The desira 
bility of protecting high solids tomato paste from heat 
damage during production and storage was demonstrated. 
The method measures light transmission of tomato products 
and reports results in terms of a color index independent 
of the measuring equipment. (See page 468). 


Dr. Roy Appointed Councilor-at-Large 


President Hutchings announces the election of Dr 
Wallace R. Roy, Vice-President, Minute Maid Cor 
poration, Orlando, Florida, as Councilor-at-Large, to 
fill the vacaney created by the death of George F 
Garnatz. He will serve in this capacity until the close 
of our 1961 Annual Meeting. 

Dr. Roy received a Bachelor of Science degree in 
Chemistry from Clemson College, an M.S. from th: 
University of Kentucky, and a Ph.D in Biochemistry 
from the University of Minnesota. He has for a num 
ber of years been prominent in IFT affairs, having 
held numerous Section offices and participated on 
IFT Committees. 

Dr. Roy has been designated General Arrange 
ments Chairman for the 1962 IFT Annual Meeting, 
to be held at Miami Beach, June 10-14. 


OTTENS 


QUAKER 
BRAND _ 


QUALITY FLAVORS 


HENRY H. OTTENS MFG. CO. 


129-31 South Front Street, Philadeiphia 6, Penna. 


THE SIGN OF 


SINCE 1884 


CULTURED BUTTER FLAVORS 
SPRAY-DRIED POWDERED FLAVORS 
ESSENCES + EXTRACTS + EMULSIONS 

SPECIAL FLAVOR BLENDS 


The facilities of our laboratories and 
technical staff are at your service 
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PERSONNEL 


Dr. H. E. Robinson, Chicago See 
tion Chairman and vice president 
in charge of the research labora 
tories, engineering research and 
equipment development, Swift and 
Company, has assumed direction 
of a number of products-for-indus 
try operations succeeding the re 
‘ently retired E. A. Moss. Depart 
ments now under Dr. Robinson, in 
addition to general and engineer- 
ing research, include adhesives, 
gelatin, stabilizers, soap and chemi 
cals and the Technical Products 
Plant at Hammond, Ind Dr 
Robinson joined the Swift research 
staff in 1932, became assistant di 
1941, as 
sistant director of laboratories in 
1950, director of laboratories in 


rector of research in 


1953 and was electe | vice presi 
dent in 1959. 


Cr. Imri J. Hutchings, IIT 
President and manager of research, 
H. J. Heinz Company, has been 
appointed to the 


and Ad 


visory Commit 


Science 


tee of Duquesne 
University, 
at Pittsburgh, 
Penna Dr. 
Hutchings will 
serve on the 
committee with 
Dr. John € 
Warner, presi- 
dent, Carnegie Institute of Tech 
Blaine B Wescott, 


executive vice president, Gulf Re 


I. J. Hutchings 


nology Dr. 


search and Development Company ; 
and E. J. Hanley, president, Alle 
gheny Ludlum Steel Corporation. 
Function of the committee is to 
assist the faculty of the university 
in the continuing development of 
the physieal and natural sciences 
within the school’s academic frame- 
work. 


Dr. Austin C. Wagenknecht, first 
recipient of a Gerber post-doctor- 
ate fellowship adiuinistered by the 
IFT, has been employed by the 
General Mills, Ine., Central Re- 
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search Laboratories, Minneapolis, 


Minnesota as Principal Scientist in 
charge of lipid research in the Fun 
damental Food Research Depart- 
ment. He attended the University 
of Wisconsin where he received a 
bachelor’s degree in chemistry , and 
his master’s and doctor’s degrees 
in biochemistry, and studied at the 
University of Illinois during the 
effective period of his Fellowship. 
Dr. Wagenknecht joins the Labora- 
tories from the New York State 
Agricultural Experiment Station, 
Cornell University, Geneva, New 
York, where he held the position of 
Associate Professor of Biochemis- 
try in the Department of Food 
Science and Technology 


EQUIPMENT 


Instantaneous temperature read- 
ings from seven or more remote or 
hard-to-get-at places are now possi- 
ble, according to Frontier Develop 
ment Ine., using the new Frontier 
Small 


thermal sensitive probes, available 


Electronic Thermometer. 
encased in epoxy resin for immer 
sion in liquids, gases, or soli ls, are 
placed wherever temperature read 
ings are desired. An application 
suggested using the portable bat- 
tery model is in_ refrigerated 
trucks, enabling temperature read- 
ings to be immediately visible to 
the driver enroute. For further 
Frontier De- 
Company, Box 1582, 


information write 
velopment 


Des Moines 6, Iowa. 


For FOODS with a 


Flavor 


USE 


KATER BRAND ‘“‘Deep Smoked” Yeasts 
ViCO BF Flavors 


KATER BRAND “Deep Smoked” 
Yeast — either Brewer’s Yeast or 
Torula Yeast — impart the natural 
aroma and flavor of true hickory 
smoke to foods giving them gour- 
met appeal. Their high smoke con- 
centration, free from harsh or bitter 
after-tastes, permits balanced flavor 
at remarkable economy. 

KATER BRAND “Deep Smoked” 
Yeasts combine high purity with 
flavor stability and nutrition values. 
As NATURAL FOOD PROD- 
UCTS — not additives — they are 
acceptable under all regulations of 
the U.S. Food, Drug, and Cosmetics 
Act and are approved for certain 
applications in federally inspected 
meat plants. 


VICO BF Flavors developed and 
compounded by specialists skilled in 
flavor processing for over 25 years 
provide tempting aroma and appe- 
tite stimulating meat-like flavor. 
Completely soluble in water, they 
are offered in dry or paste form. 


Both KATER BRAND “Deep 
Smoked” Yeasts and VICO BF 
Flavors increase the sales potential 
of a great variety of foods and spe- 
cialty products. Ease of handling, 
guaranteed uniformity, ready avail- 
ability, stability and economy make 
both quality ingredients the choice 
of discriminating food manufac- 
turers. Consult with us for person- 
alized service and assistance in 
your food product development 
program. 


PRODUCTS 
COMPANY 


Manufacturing chemists for the food 
and pharmaceutical industries. 


415 W. Scott St., Chicago 10, Illinois 
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Tempting, eye-appeal attains its most potent sales effectiveness with 

Red Seal Colors of unsurpassed brilliance, purity and uniformity. Let 
Warner-Jenkinson produce—and precisely re-produce—the exact colors 

to give your products the greatest possible taste-stimulating attractiveness. 


WARNER-JENKINSON MANUFACTURING CO. 
Manufacturers of Certified Food Colors, Vanillas, Extracts, Flavors 
2526 Baldwin St. ° St. Louis 6, Mo. 
West Coast: 2515 Southwest Drive, Los Angeles 43, Calif. * Warehouses: Boston, Jersey City, Atlanta 
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ABSTRACTS 


General Foods Research Center 
Selected by H. A. Campbell 


ANALYTICAL METHODS 


Separation of some terpenoid compounds 
by gas-liquid chromatography. 


Rup.orr, E. Can. J. Chem. 88, 631-40 
1960 


A study has been made of the degre 
of sepm, of mixts. of some terpene hydro 
carbons, some of their oxygenated derivs., 
2 sesquiterpene aleoh is, and 3 mono 
phenols on a variety of columns. Tem 
perature and sample size affeeted the de 
gree of se pn. and the solid support 
Chromosorb W, a calcined diatomaceous 
earth, was found to combine the advan 


tages of Celite and C-22 firebrick without 


eausing decompn, of the sample at higher 
I 


temps. When Craig polyesters were used 
us liquid phases, sepLs equal to those ob 
tuined on polyethylene glycol were real 
zed with the added advantage that these 
roduced columns which are stable at 
190 to 220°C, Consequently, sesquiter 
pene alcohols and monophenols were also 


sepd. successfully 


Analysis and composition of oil of lemon 
by gas-liquid chromatography. 
BERNHARD, R. A. (Univ. of California, 
Davis). J 471-6 
(1960 


Chromatography 


Cold-pressed lemon oil was examd, by 
means of gas-liquid chromatography and 
a number of the constituents present was 


tentatively identified by means of cor 


rected retention volume correlation em 


ploying 2 stationary liquid phases. The 


components identified by these procedures 


were: @-pinene, §-pinene, myreene, D 


imonene, n-heptanal, 1,8-cineole, -y-ter 


pinene, n-hexanol, n-oetanal, methyl hep 


tenone, n-nonanal, linalool, n-deeanal, 


citronellyl acetate, citronellal, n-undeea 


nal tetrahydrogeraniol, decyl acetate, 


geraniol, @-terpineol, citronellol, neral, 


geranyl acetate, citral, and pb-carvone. 


Determination of free fatty acids in fat. 


HORNSTEIN, I., ET AI Eastern Utili 
zation Research and Devel. Div., Belts 
ville, Md Anal Chem 540-2 
(1960 


Naturally occurring free fatty acids 
may be detd. in the presence of larg: 
amts. of unsaponified fat by adsorbing 
the free fatty acids on a strong anion 
base exchange resin, washing the resin 
free of fat with petroleum ether, and con 
verting the free fatty acids direetly on 
the resin to their methyl esters with an 
hydrous methanol-hydrochlorie acid. The 
nature and conen. of the fatty acids are 
detd. by gas chromatography. 


Rapid combustion and determination of 
residues of chlorinated pesticides us- 
ing a modified Schoniger method. 
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Lisk, D. J. (Cornell Univ., Ithaea, 
N. Y.). J. Agr. Food Chem. 8, 119-21 
(1960 

A method is deseribed for the rapid 
combustion and detn. of residues of 
chlorinated pestic ides. Org. solvent exts. 
of plant samples are evapd. in a cone of 
cellulose acetate, which is burned in an 
oxygen-filled (Schoniger flask and the 
HCl gas is absorbed in dil. NaOH. The 
spectrophotometric detn. of chloride is 
based on its displacement of thiocyanate 
in the presence of ferrie ion. The time 
required for combustion and detn. of 


chloride is about 20 min./sampl 


BIOLOGICAL SCIENCES 


Biochemistry 


Immunoelectrophoretic studies on some 
modified proteins. I. Human serum 
albumin. (In French 


STEINBUCH, M., Fine, J. M pB 
risTINtI, A. Clin 


1960 


Modified human albumins are studied 


by zone ele ctrophoresis on paper, st rel 


gel, and agar, by immunoelectrophoretic 
analysis and by the agar diffusion teel 
nique Blocking of amino groups alon 
or combined with the introduction of new 


carboxyl groups results in aeceleration of 
the electrophoretic mobility at pH 8.6 
and in deerease of affinity for the isual 
acid dyes The mmunologieal reactivity 
towards horse or rabbit ti-human sera 
is not impaired by the blocking of the 
free amino groups. Blocking of the free 
carboxyl groups of albumin results in a 
diminution of the electrophoretic mo 
bility and an inerease in staining. Esteri 
fication of the carboxyl groups suppresses 
the immunological aetivity, in propor 


tion to the degree of esterification. 


Changes in the reactivity of disulfide 
bonds in bovine serum albumin on 
denaturation. 


ALEXANDER, P. AND HAmiton, L. D. G 


Roy. Cancer Hosp., London, Engl. 
Arch. Biochem Biophys 88, 128 

1960 

Earlier observations showing that in 
native bovine serun lIbumin none of the 


disulfide bonds ean be redueed at pH 5.4 
have been confirmed They re Iso re 


sistant to oxidation by 


roving that failure to react must be 


iscribed to sterie faetors nd eannot be 
attributed to alterations n the redox 
potential which prevents reductio1 De 


naturation was shown to occur in discrete 
steps, and 3 physicochemically distinct 
products have beer isolated The first 
step leads to the revelation of 25% of 
the disulfide bonds without changing the 
soly The second stage s characterized 
by 40-50% reactive disulfide bonds and 
failure to dissolve in wate i although re 
maining soluble in solns. of high ionic 


strength as large aggregates. 


1960 


Oxidation of sulfihydryl groups in de- 
natured egg albumin. 


A. (Univ. 
g Can. J. Biochem. 


denatured egg 
ilbumin and dry iyosin by moleeular 
direct oxidation 
sulfhydry] 
eneral reaction. Cuprie ion 


most effeetiv catalyst for the 
( tion of denatured egg albumin in 
solr The rate of the oxidation was 
function of euprie ion 


ind temp. Since the catalytic 


oxidations of denatured egg albumin, 


glutathione, and cysteine have very simi 
tion energies, the mechanism of 
ilfhydryl oxidation 
compds. Under 
sulfhydryl 


albumin were 


tudied, only 
vy 
The oxidation of these groups 


lisulfide stage. 


Enzymatically active products of trypsin 
autolysis. 


\ E » Hess, G. P. (Cornell 
U1 , Ithaca, N. J tm. Chem, Soc. 
(196 
rl itoly trypsin under ap 
propriate conditions has been found to 
nz iles which dialyze 
through 18 Visking cellophane mem 
branes al hos ysis rate through 
ge pore 2 membranes is more 
I than that trypsin, 


Estrogen-enzyme interactions: Inhibition 
and protection of kynurenine trans- 
aminase by the sulfate esters of 
liethylstilbestrol, estradiol, and est- 


rone. 
M LEKSON, E. H. 
ty of Mis gan, Ann Arbor). J. 
B ( 1312-16 1960 
It study « the effeets of vurious 
s s on the nurenine transaminase 
st kid estradiol disulfate 


disulfate were 
vels as low as 5 x 
Vv. Estrone sulfate and pregnanediol 
ted only at much higher 


4 ber of non-aniome ster 

st ho ( iethylstilbes 

estrone, were not inhibitory 

n satd. solns. The estrogen sulfates 

‘ t the kynurenine apo 

nsaminase it y that prevents the 
ccompanying ineubation, 


Microbiology 


Survival of Salmonella typhimurium, 
Staphylococcus aureus, and Strep- 
tococcus faecalis frozen in simplified 
food substrates. 


WoopspurRN, M. J. AND Srrone, D. H. 
f Madison ) Appl. 
Vv obiol. &, 109-13 1960 
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SHAPING 
TOMORROW... 


Today 


To build a reputation takes time . . . 

and an unswerving dedication to quality. 
For over half a century American Maize 
has pioneered in every phase of the 
development of products from corn .. . 
from continuous basic research by our 
technical staff . . . to the pioneer use of new 
processing equipment (such as our flash 
drying of corn starch) .. . and ultimately, 
to the painstaking, dedicated “hand- 
tailoring” of a product to the specific needs 
of our customers. (We have worked 

with over 10,000 leading food processors 

in the past decade.) 


Such dedication to exacting quality 
standards and step-by-step integration of 
production methods assures a degree 

of quality in the final product that is rare 
in today’s markets. In addition to its 

own continuous research program, 
American Maize sponsors extensive 
activities in colleges and universities. 


AMERICAN MAIZE-PRODUCTS COMPANY 
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THERE'S A 


“PERCEPTIBLE” 
DIFFERENCE 


when you use 
AMERICAN MAIZE 
Corn Starches, Syrups 
and Syrup Solids 


In today’s highly competitive 
market, a food processor must 
constantly strive for a “plus” that 
makes the difference between 
mediocrity and perfection. This 
“plus” differential is often achieved 
through the use of a product from 
corn, especially developed to cap- 
ture a particularly delicate flavor 
or a specifically desired texture. 
American Maize, through its 
extensive research program, is 
constantly developing products 
from corn to fulfill the specialized 
needs of individual food processors. 
Here are a few of the many cate 
ories of food products presently 

ing benefited by American Maize 
Corn Starches, Syrups and Syrup 
Solids. 


e BEVERAGES 

e BREAD 

e CANDY 

e CRACKERS 

e CANNED FOODS 

e CAKES 

e CATSUP 

e DRY MIXES 

e FROZEN FISH 

e FROZEN FRUITS 

e GRAVIES 

e ICE CREAM 

e ICINGS 

e JAMS AND JELLIES 
e PEANUT BUTTER 

e PROCESSED MEATS 

e PIE CRUSTS 

e PIE FILLINGS 

e PRESERVES 

e SAUCES 

e SALAD DRESSING 

e SOUPS 

e SHERBETS AND ICES 

e TOPPINGS 

If you manufacture any of these 
or kindred foods, we would like to 


have the privilege of working with 
you. There is no obligation. 


ATLANTA + BOSTON + BUFFALO 
CHICAGO + DENVER + GRAND 
RAPIDS «+ HOUSTON « LOS ANGELES 
PHILADELPHIA « PITTSBURGH « ST. LOUIS 
ST. PAUL * SAN FRANCISCO + SEATTLE 


AMERICAN MAIZE 


PRODUCTS COMPANY 


250 PARK AVENUE ® NEW YORK 17, N.Y. 
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The organisms used for inocula were 


Salmonella typhimurium 196, Staphylo 
COCCUS aureus S4, and Stre ptoc OCCUS 
faecalis R26. Periods of frozen storage 
extended through 10 wks. at 
and 30°C, The addn. of the rice flour, 
corn sirup, or egg white to the phosphate 
buffer resulted in the maintenance of in 


creased numbers of viable cells at each 
temp. and time under the exptl. condi 
tions. The extent of this effeet for each 
ingredient differed with the organism, 
time and temp. These differences were 
most marked in the recovery of viable 


cells from the sodium alginate medium. 


Peptides and bacterial growth. IX. Re- 
lease of double inhibitions with single 


peptides. 
KiHARA, H. SNELL, E. E. (Univ. 
ot California, Berkeley). J. Biol. Chem. 


1415-18 (1960 


High conens. of L-alanine, L-leueine 
and §-2-thienyl-L-alanine inhibit growth 
of Leuconostoc mesenteroides P-60 by re 
stricting utilization, resp., of the essez 
tial amino acids glycine, L-isoleuc ine, and 
L-phenylalanine, In the presence of any 
one of these inhibitors, growth is re 
stored by addn. of large amts. of the 
proper limiting amino acid, or by con 
paratively small amts. of utilizable pep 
tides of that amino acid. When 2 of the 
inhibitors, e.g. alanine and leucine, are 
added, growth is restored by large amts 
of glycine plus isoleucine, by small amts. 
of a mixt. of dipeptides s ipplying these 
~ amino acids, or with equal efficieney by 
a single dipeptide, glyeyl-L-isoleucine, 
that supplies both amino acids. 


Nutrition 


Effects of cholesterol and other substances 
on essential fatty acid deficiencies. 


GAMBAL, D. AND QUACKENBUSH, F. S. 
(Purdue Univ., Lafayette, Ind.). J. Nu 
trition 70, 497-501 1960 


Cholesterol and sodium  glycocholate 
accelerated EF A-deficiency symptoms 
using diets contg. 3% of satd. fat. Both 
substances retarded growth. Cholie acid 
did not aecelerate EF A -deficic ney symp 
toms, but retarded growth. When choles 
terol was fed with either sodium glyco 
cholate or cholic acid, the lipid content 
of the liver increased several fold. How 
ever, sodium glycocholate was the more 
effective of the 2 supplements, with cho 
lesterol, to inerease liver lipids and 
vecelerate EFA deficiency symptoms, 


Diet as source of serum cholesterol in man. 


TAYLor, C. B., ET Al Presbyterian 
St. Luke’s Hosp., Chicago, Ill.). Pro 
Soe. I rptl. Biol. Ved 103, 768-72 


(1960) 


Normally active healthy adult volun 
teers ingested cholesterol-rich diets 
labelled with 4-C-14-cholesterol. The 
diets supplied enough cholesterol to sup 


SEPTEMBER, 1960 


press hepatic cholesterol synthesis, if the 

as responsive to dietary choles 
terol in man as in lower animals. Radio 
act of serum cholesterol permitted 
serum cholesterol 
coming from the diet, which would equal 
the amt. that would come from the live 
if the diet supplied none. This amt. was 
found to be 24 to 3l¢ Presumably, 
then, at least % of serum cholesterol of 
these human subjects was derived from 
synthesis I 


cholesterol] extrahepatic 


tissues 


Infant-feeding practices and blood cho- 
lesterol levels. 


POMERANZE, J. New York Med. Coll., 
Ne York City). Am. J. Clin. Nutrition 
340-3 1960 


Serum cholesterol levels of infants fed 
an evaporated milk formula were higher 
than those in infants fed a prepd. milk 


formula contg. a h level of unsatd. 
fatty acids. Serum cholesterol levels of 
infants fed breast milk were consider 


ligher than would be expected since 


breast milk is relatively high in unsatd. 


tt cids. This may result from the 
itively high calorie and high satd. fat 
intake y American mothers. The author 
suggests that if dietary control is-to be 
prevent atherosclerosis later in 
life ve should give consideration to 
modification o the infant diet with 
higher levels of unsatd fatty acids, 


Individual metabolic patterns. I. Amino 
acid excretion studies in 700 children. 


Berry, H. K Univ. of Cincinnati, 
Ohio VU etabolis Clin, and Exptl. 9, 
563-72 (1960 

Significant differences were found in 
the imino acid excretion patterns detd. 
by aper chromatography among 687 
normal children nd ehildren with dif 
ferent diseases varying in age from 1] 
day 16 years. nrants exerete greater 
imts., Of amino acids than older children. 
Glycine, alanine, giutamine, histidine, 
proline and hydroxyproline are the more 


prominent amino acid constituents of 
urine during the early months of life. 
Proline and hydr xyproline are exereted 


in only trace amts. after 6 months. 


Effects of amino acids on the excretion 
of various proteins by the rat. 


larpy, R. W. F., evr au. (Univ. of 
Wisconsin, Madison). J. Nutrition 70, 


L960 


tats were given large doses of single 
amino acids by stomach tube, and meas 
urements were made of uri lary protein, 
urea and @-amino nitrogen. Most of the 
imino acids increased protein exeretion 
roughly in proportion to the inereased 
urea production, DL-Ser ne, D-serine and 
L-cysteine: HC] produced excessive eleva 
ti0ns in protein excretion, whereas gly- 
cine and alanine depressed it. 
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Bausch & Lomb 


SPECTRONIC 505° 
Recording Spectrophotometer 


... less than half 3685 poreeeny 


the cost of other wy. vistere, 
recording 
spectrophotometers ! 


See the revolutionary new instrument that directly 
records transmittance, absorbance, reflectance and 
emission in UV and visible ranges . . . 


with an exclusive electronic sensor that automatically 
adjusts drum speed to variations in curve complexity . . . 
featuring B&L Certified-Precision Gratings. 


Only 36” x 22” x 15”, it’s as streamlined as the universally 
accepted B&L Spectronic 20* Colorimeter . . . 


with a complete line of accessories including an exclusive 
new air-cooled Hydrogen lamp... 


at less than half the cost of other recording 
spectrophotometers. 


Trademark, Bausch & Lomb Incorporated 


WRITE for your copy of Catalog D-2009, 
Bausch & Lomb Incorporated, 
69009 Bausch St., Rochester 2, N. Y. 


BAUSCH & LOMB 


Role of rate of ingestion of diet on regu- 
lation of intermediary metabolism 
(‘‘Meal Eating’’ vs. ‘‘Nibbling’’). 


Coun, C. Josepn, D. (Michael 
Reese Hosp., Chicago, [ll.). Metabolism: 
Clin. and Exptl. 9, 492-500 (1960). 


The findings are interpreted to indi 
eate (a) that flooding of the organism 
with calories by the consumption of full 
meals is assoed. with a more economical 
use of calories, leading to obesity; (b) 
that meal eating differentially affects the 
traffic over alternate metabolic path 
ways; and (c) that the rate of TSH re 
lease by the pituitary may be decreased 
by meal eating. The observed phenomena 
may be mediated through alterations in 
the enzymatic machinery of the body 
secondary to different rates of influx of 


calories. 


Nutrition and the formation of urinary 
calculi. 


Boycr, W. H. Borden’s Rev. 21 


(1960). 


The precise mechanisms by which uro 
mucoid is transformed into matrix and 
by which it aeceretes org. or inorg. crys 
tals to become an organized urinary 
stone are presently unknown. Current 
evidence is overwhelmingly indicative of 
a dietary deficiency as the important nu 
tritional aspect of spontaneous human 
ealeuli. The deficiency may eventually 
prove to be relative and multiple rather 
than absolute and singular. On the other 
hand, there is no evidence that dietary 
surfeit without nutritional deficieney is 
ever an important factor in human ston 
formation. 


Toxicology 


Toxicity studies on dibutyl- and diamy! 
hydroquinone. 


Wintson, R. H. Porey, G. W. 
(Western Regional Research Lab., Al 
bany, Calif.). Proce. Soe. E rptl. Biol 
Med, 104, 29-31 (1960). 


Two hydroquinone derivs., 2,5-di-tert 
butylhydroquinone and 2,5-di-tert-amyl 
hydroquinone, have been suggested 
antioxidants to protect carotene of « 
hydrated alfalfa meal. Neither compd 
modified growth, appearance, organ wts. 
or histological structure of rats eating 
diets contg. as much as 0.2% of anti 
oxidants for 500 days. No symptoms of 
intoxication developed in exploratory 
tests on rats when single doses of 1500 
mg./kg. of compds. were given by 
stomach tube. These materials did not 
sensitize the skin of guinea pigs but did 
produce a reversible lesion on rabbit and 
guinea pig skin when applied daily to the 
skin as 10% solns. in cottonseed oil. 


Studies on a modified fat. 


CoLEMAN, R. D. (Univ. of Southern 
California ). Dissertation Abstr. 
3940-1 (1960). 


In studies on rats, growth was mark 
edly retarded in animals fed acetostearin 
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fat at relatively high levels. 
It was considerably improved in animals 
and markedly 
when cottonseed oil was fed 


as the sole 


supplemented with linoleate 
improved 
with the 
in groups fed acetostearin alone, 


Mortality was high 
but de 
diets were 


acetostearin. 


creased when acetostearin 
supplemented with a souree of essential 
fatty Cholesterol 


sues of rats fed 


acids. analysis on tis 


acetostearin as the sole 
fat revealed a decrease in the plasma 
cholesterol level and an inerease in the 


cholesterol in the liver. 


FOOD AND FOOD TECHNOLOGY 
Baking and Bakery Products 


A role for thiol and disulfide groups in 
the rheological properties of dough 
made from wheaten flour. 


FRATER, R., ET AL. Univ. of Mel 
bourne, Victoria, Australia Nature 186, 


451-4 (1960). 


Evidenee is presented to support the 
hypothesis that strength and elasticity of 
doughs are related to thiol groups, inter 
moleeular disulfide bonds and the rate at 
which they 
improvers is 
disulfide interchange. 


interchange. The action of 


also explained in terms of 


PHYSICAL METHODS 
Ultra-violet spectra of water solutions. 
Gotpine, R. M. (Dept. of Scientific 
and Industrial Research, Wellington, New 
Zealand Nature 186, 308 (1960). 
water at room 
relatively weak 
1880, 


The spectrum of pure 
temp. was found to be 
and to have three main peaks at 
1890 and 1908 A. 


INDUSTRY NEWS 


Freeze Drying and Other Dehy 
dration Methods of Food Preserva 
tion will be the theme of a military- 
industry conference sponsored by 
the R&D Associates, set for 
September 20-21, 1960, at the Sad- 
dle & Sirloin Clubrooms, Stock 
Yard Inn, Chicago. In charge of 
the meeting are Dr. J Jackson 
of American Can Company, Vice 
President in Charge of Activities, 
and Mr. George A. Crapple, Wil- 
son & Company, Vice Chairman of 
Activities. 

The program the 
September 20th, will 
latest developments in food dehy- 


first day, 
cover the 
dration, including economic factors 
and related 
Speakers will be representatives of 
dehy- 


government and uni 


packaging problems. 
food companies now in the 
dration field, 
versity research institutions at 
work on specific projects, and staff 
members of the QM Food and Con- 


AFTER INSTALLING 


"NUCLEAR DENSITY CONTROL SYSTEM 


GAMMA ae 
SOURCE = 
OHMART 
MEASURING 
PROCESS CELL 
PIPE 


CONTROL VALVE 


Diagram shows a typical 
Ohmart Density Control Sys- 
tem where control of liquid 
density is by actuation of a 
valve. 


RECOR 
CONTROLLER 


ke 
= 
OHMART 


COMPENSATING 
CELL 


AMPLIFIER/ 


DER, INDICATOR 


A tomato paste manufacturer, who suspected the inadequacy 
of his periodic solids sampling, installed an Ohmart Nuclear 
Density Control System to control tomato pulp density during 


evaporation. 


He reports greatly increased output with the same input, 
and calculates the dollar earnings 
three days, these extra earnings paid off the cost of his Ohmart 


System. 


The astonishing performance of 


on the patented Ohmart 


active energy from a gamma radiation source into electrical 
The action of this cell in conjunction with the other 
components of the complete Ohmart System affords continuous 
and accurate density measurement and control. 


energy. 


You too can cut costs and increase profits with Ohmart 
Nuclear Density Control, if in your process you use evaporators, 


spray dryers, 


liquids, slurries or dry solids more or less dense. You can count 
on the System quickly paying for itself. 
installing Ohmart, as satisfactory performance is guaranteed! 


Get the full story on Ohmart and its profit potentials for 


you. Write or wire today. 


Engineering representatives in principal areas 


Cell fe 


drum dryers, or 


at $1200 per day. In just 


an Ohmart System is based 
or direct conversion of radio- 


other equipment for making 


You risk nothing by 


The Ohmart Corporation 
2242 Bogen St., Cincinnati 22, Ohio 
World Leader in Nuclear Process Control 
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problem 


answer 


First producers of certified colors. 161 Ave. of the Americas, New York 13; 
11-13 E. Illinois St., Chieago 11; 2632 E. 54 St., Huntington Park, Calif. 
ob | § In Canada: Stuart Bros. Ltd., Montreal, Toronto, Winnipeg & Vancouver. 
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tainer Institute for the Armed 
Forces. Subjects scheduled to date 
are: Foam-Mat Drying; Progress 
and Plans in the Development of 
Pre-Cooked Dehydrated Sweet Po- 
tato Flakes; Practical Principles of 
Industrial Freeze-Drying; Perfect 
Closure on Flexible Packaging ; and 
Developing **Locked-In’’ Citrus 
Oil Flavors, Dehydrated Citrus 
Ades and Dehydrated Citrus Peel. 

Wednesday, September 21, will 
be devoted to a symposium of 
freeze-drying and other types of 
dehydration equipment. Panel par- 
ticipants will be representatives of 
leading equipment companies in 
the United States as well as from 
foreign countries. It is planned to 
display models of the various kinds 
of equipment to be discussed, 

This will be an open meeting. A 
cordial invitation to attend is ex- 
tended all personnel of firms in the 
food, packaging, and related fields 
who wish to keep alert to levelop- 
ments in the expanding market for 
dehydrated foods. Certainly any 
companys considering the produe- 
tion or use of freeze-dried or other- 
wise dehydrated items, or in manu- 
facturing equipment and supplies, 
should be represented Write to 
Colonel Rohland A. Isker, ret’d, 
Executive Secretary, Research and 
Development Associates, Food and 
Container Institute, Inc., 1819 W. 
Pershing Road, Chicago 9, Illinois, 
for reservations and further details. 


The Food and Allied Industries 
Committee of the American Society 
for Quality Control, organized to 
achieve National Divisional Status 
during the 1960-61 fiscal vear, will 
be concerned with the application 
of statistical quality control to 
food and allied processes It will 
provide a medium for exchanging 
statistical quality control informa 
tion in these industries and to con- 
sider SQC problems unique to this 
field. Quality control personnel in 
the food and allied industries 
should contact the following: Wil- 
liam A. Golomski, Chairman, ¢/o 
H. W. Mayer and Sons, 6811 3S. 
Ashland Avenue, Chicago 36, Illh- 
nois; Mae-Goodwin Tarver, Seere- 
tary-Treasurer, ¢ 0 Continental 
Can Company, Ine., 1350 W. 76th 
Street, Chicago 20, Illinois 


FORMULA FOR 
PROFITABLE 
OPERATION 


FOOD 
DRYERS 


by 


SARGENT 


For Labs, Pilot Plants 
and for 
Volume Production 


The small dryer (at right) is highly suc 
cessful in Labs, Pilot plants, and for com 
paratively small scale or intermittent 
production. Extruder, dryer and cooling 
section are all in one compact, econom 
ical, space-saving unit 


The 14-section, 2-stage dryer (above) is 
engineered for high tonnage per hour pro- 
duction. Extruder, or granulator, together 
with baking and curing and cooling sec- 
tions may be added by incorporating 
the same housing, where desired. Heat 
source for any SARGENT may be gas. 
steam or electricity. Airflow may be up, 
down, or in combination 


PHILADELPHIA * CINCINNATI * CHARLOTTE * ATLANTA * HOUSTON + DETROIT 
NEW YORK * CHICAGO + LOS ANGELES + TORONTO 


Generally, there are three approaches by a 
company to the selection of a process dryer — 
the engineering, the economic, and the im- 
portant evaluation of the intangibles. We 
firmly believe that SARGENT will aiways be 
found on top from every approach, for many 
reasons, an important one being that our ma- 
chines and our people consistently deliver as 
promised, and more. This is the SARGENT: 


@ A dryer designed for your process, your 
required production 


@ Rugged construction, trouble-free econom- 
ical operation 


Highest quality, measurably uniform drying. 
Exclusive features for efficiency and safety. 
Heat source — gas, oil, steam, electricity. 


A dryer designed for quick, easy cleanout. 


The bonus economy of the speediest, easi- 
est installation of any machine on the 
market 


@ Built by a company whose dryers lead the 
field — a company whose long experience 
makes a guarantee really mean something 
— a company that will+say, “We stand 
unequivocally behind every machine we 
build 


SARGENT equipment is working wherever 
there's a drying process in the food indus- 
try, from milk curd to poultry stuffing and 
protein flour. They may be engineered for 
complete push-button control of the entire 
drying-cooling operation. They are always 
designed for your product and your pro- 
duction. May we tell you more? 
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Allied Chemical Corporation 


(Gaulin Technical Assistance ) American Maize Products Co. 
Bausch & Lomb Optical Co. 


Takes The Risk Out Of Performance _ «i120 Instruments, Ine. 


Blumenthal Bros. Chocolate Co. 


een Helps Cut Costs, Too. *Continental Can Company 


Dairyland Food Laboratories, Ine. 34 
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Flavorex Company, Ine. 15 
*Florasynth Laboratories, Ine. 420A 
Food and Drug Researeh 
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*Food Materials Corporation 
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GTA Bulletins Technical Assistance Laboratory Evaluation *The Fuller Group of Companies 


GAULIN GTA provides free technical data, 
experienced advice and laboratory evalua- 
tion. Assures the right equipment for the 
process .. . provides dollar savings. 


Givaudan Flavors, Ine. 160B 
The Griffith Laboratories, Ine. 464A 


“Hoffmann-La Roche, Ine. 436A, 436B 
*The Hubinger Company 424A 


Gaulin Homogenizers 
International Flavors & Fragrances 
and SUB-MICRON DISPERSERS re- Flavors & Fragrances, 
duce ingredients to finer, more uniform ‘ 
particle size. Keleo Company 460A 
Klenzade Products, Ine. 8 
Gaulin Homogenizers and Sub- Micron Dis- H. Kohnstamm & Company 30 
persers disperse, emulsify and blend prod- Kraft Foods srd Cover 
ucts reducing them to their ultimate parti- LaWall & Harrisson 
cle size. They improve product uniformity, 
stop separation, assure more stable emul- Magnus, Mabee & Reynard, Ine. } 
sions, accent taste, stop color separation. Manton Gaulin Mfg. Co., Ine. 3 
Morton Salt Company 16,1 
Ask for Bulletins Homogenizers H-55; : 
Sub- Micron Dispersers SMD-55. Norda Essential Oil & Chemical 
Co. ith Cover 
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Gaulin High Pressure Pumps The Ohmart Corporation 


‘sapcaig Henry H. Ottens Mfg. Co., Ine. 
handle all types of liquids and densi- 
ties of fluids ... deliver measured flow Patterson Kelley Company, Ine. 


in metering applications. Penick « Ford, Ltd., Ine. 
"Chas, Pfizer & Co., Ine. 


These rugged, heavy-duty pumps are built orw Center of Book 442A 
to minimize operating, inspection and main- Photovelt Corporation 
tenance costs. Capacities to 7500 GPH ... Proctor & Schwartz, Inc. 
pressures to 12,000 PSI. Well area can be 
gasketed to provide maximum safety inhan- = “Hed Star Yeast & Products Co. 
dling hazardous materials. Write for Bulle- 
(. G. Sargent’s Sons Corp. 
tin P-55. Sehwarz Laboratories, Ine. 
Scientifie Associates 
*Sterwin Chemicals, Ine. 
*Sugar Information, Ine. 
GAULIN RE COLLOID "Swift & Company 

MILL 


GAULIN LABORATORY Two-stage design provides Truesdail Laboratories, Inc. 
HOMOGENIZER continvous micrometer con- S. Twitchell Company 
Minimum somple one pint; ca- ; trol for producing superior 
pacity 15 GPH; pressures up to emulsions or dispersions. 


8000 PSI. Available on Available on rental basis 
rental basis of only $75.00 . of only $75.00 per month. Ungerer & ( ompany . 
per month, Ask for Bulletin . Ask for Bulletin C-57. United States Testing Co. 


Vanilla Laboratories 
Vico Products Company 


U.S. Stoneware Company 
*Union Carbide Chemicals Co. 


Warner-Jenkinson Mfg. Co. 24 
ey 7 *R. D. Webb & Company, Ine. $38A 
World's largest manufacturer *Western Company 420B 
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FOOD TECHNOLOGY, SEPTEMBER, 1960 


RESEARCH CHEMIST 
$10-$14,000 

Our client is a medium sized, well- 
established company headquartered in 
Chicago seeking a young, creative 
Ph.D. to do bench research in food 
fields such as proteins, starches, flavors 
and tenderizers. Age 28 to 35 preferred 
and some industrial or post-doctorate 
experience required. 
Send detailed background in complete 
confidence to: 

George Fry & Associates 

Management Consultants 

135 South La Salle Street 

Chicago 3, Illinois 


Want a rewarding career with an es- 
tablished food research organization? 
Excellent promotional opportunities, 
planned training, liberal vacation and 
retirement plans. Wide range of op- 
portunities for Food Technologists, 
Chemists, Container Technologists, Bio- 
chemists, Home Economics, etc. Start- 
ing salaries range from $6,435 to 
$10,635. REPLY BOX 804, Institute 
of Food Technologists, 176 W. Adams 
St., Chicago 3, Ill. 


BIOLOGICAL SERVICES 


Foods, Drugs, Cosmetics, Chemicals, 
Feeds, Packaging—Toxicological, 
Mycological and Bacteriological 
Investigations 


United States Testing Co., 


1415 Park Ave., Hoboken, N. J 


PROFESSIONAL SERVICES 

Since 1869 Schwarz Laboratories has been 
a leading laboratory and technical service 
to the food and beverage industries. 
We offer thorough, expert advice on food 
problems of all types, analyses, flavor 
evaluations, product development, and le- 
gal testimony. Costs are low due to our 
experience and efficient operation and 
equipment. May we send yeu our brochure? 

SCHWARZ LABORATORIES, INC. 
230 Washington St., Mount Vernon, N.Y. 

Phone- MO 4-1100 Cable: Swoknip 


FOOD ENGINEER - National food 
company desires man with B.S. in 
Food Technology or Chemical Engi- 
neering for opening in food product de- 
velopment. Work includes product for- 
mulation and process engineering. Ex- 
perience in food industry desirable 
but not mandatory. Salary commen- 
surate with training and experience. 
Write to Dr. G. Reed, Director of 
Research, Red Star Yeast and Pro- 
ducts Co., P.O. Box 737, Milwaukee 1, 
Wisconsin. 


PRODUCT ACCEPTANCE, 
GROUP LEADER 


Mead Johnson & Company’s continu- 
ing growth has created an opening 
in Nutritional Produce Development 
for a Food Technologist to direct 
sensory evaluation and consumer ac- 
ceptance activities. Some travel. 
Prefer Food Technologist or related 
with Ph.D. and 2-3 years pertinent 
experience or M.S., B.S. with 4-8 
years pertinent experience. Knowl- 
edge of statistical methods desirable. 
B.S. Food Technologists with limited 
experience are invited to inquire about 
other openings in product develop- 
ment. 
Liberal employee benefits and reloca- 
tion allowances. Please send resumé 
and salary requirements to: 
Manager, Technical Employment 


Mead Johnson & Company 
Evansville 21, Indiana 


WANTED: SPICE & SEASONING 
TECHNOLOGIST-Challenging oppor- 
tunity for Product Development. Ex- 
panding national spice and seasoning 
firm desires graduate chemist 3-10 
years experience. Salary commensurate 
with training and experience. Many 
benefits. Company develops and manu- 
fractures ingredients for food proc- 
essors. Send resumé to: 

W. C. HANSEN 

ARCHIBALD & KENDALL, INC. 

487 WASHINGTON STREET 

NEW YORK 13, N. Y. 


WANTED: TWO CHEMISTS-One 
position entails synthesis of organic 
compounds, also research and synthesis 
of isolated compounds in fruit used in 
flavorings and cosmetics; quality con- 
trol, and general research. The other, 
entails compounding flavors, develop- 
ment of new flavors as used in food 
products and general research in fla- 
vors. Location West Coast. Prefer 
applicants with past experience in 
these fields. Should preferably have 
Ph.D. in organic chemistry and/or 
Food Technology. Submit complete 
resumé and references. REPLY BOX 
805, Institute of Food Technologists, 
176 W. Adams St., Chicago 3, II. 


WANTED: MICROBIOLOGIST-Plan 
and carry out Research and Develop 
ment Program to evaluate chemother- 
apentic activity of newly synthesized 
medicinal compounds. Experience: 
Chemotherapy experiences with screen- 
ing of compounds with antibacterial, 
anti-fungal, and anti-protozoal activ- 
ities including in vivo techniques. 
Ph.D. in Microbiology. REPLY BOX 
807, Institute of Food Technologists, 
176 W. Adams St., Chicago 3, IIl. 


(5) FOOD TECHNOLOGISTS (5) 


One of America’s top ranked frozen 
food processors offers growth oppor- 
tunity in its Quality Control program, 
presently servicing entire multi-plant 
operation. 

These five openings created by opera- 
tional expansion will be staffed by 
qualified applicants who have a B.S. 
in Biology, Food Technology or re- 
lated areas with 0-5 years Quality 
Control experience. 

Attractive salary, bonus plan and 
liberal benefits program. 

Send replies in detail stating salary 
requirements to: BOX 808, Institute 
of Food Technologists, 176 W. Adams 
St., Chicago 3, Ill. 


WANTED: DAIRY TECHNOLO. 
GIST-Conduct Research and Develop- 
ment work on dairy products. Know- 
ledge of vitamin fortification of dairy 
products and coloring agents for but- 
ter (or cheese), washing compounds 
for bottles. Experience starter cul- 
tures. Will be Tech. Information 
Source for questions regarding dairy 
products. Ph.D. in Dairy Teco. Pre- 
fer Eastern U.S. resident. 5 yrs. in- 
dustrial experience in dairy work. 
REPLY BOX 806, Institute of Food 
Technologists, 176 W. Adams St., 
Chicago 3, Ill. 


VINEGAR 
RESEARCH 


MICROBIOLOGIST-to carry out prac 
tical and fundamental investigations 
on vinegar production and physiology 
of Acetobacter. Also the development 
of laboratory data of interest and as- 
sistance to customers and improvement 
of customers processes. 
Applicant must be capable of assuming 
responsibility for project, working 
with minimum direction and super- 
vision. Opportunities for publication 
of results of research and study. 
Modern, central research laboratories 
located in Cincinnati. 
Submit resumé to Professional Em- 
ployment Manager. 
U. S. INDUSTRIAL 
CHEMICALS CO. 
Division of 
National Distillers and Chemical Corp. 
99 Park Avenue New York 16, N.Y. 


ARE YOU A GOURMET? 


Imaginative and also a Food Tech- 
1ologist, or chemist or pharmacist, or 
perfumer? If so, you may be in- 
erested in a career, requiring both a 
liscriminating palate and a solid tech- 
nical background, with a leading inter- 
nationally established flavor-specialty 
nouse. 

Work involves the application of 
flavors and new flavor components in 
food products and beverages and the 
creation of new flavors. 

Modern labs, small staff, pleasant liv- 
ing conditions in a small city, 1% 
hours from NYC. Profit sharing plan. 
Please send full details including 
salary requirement to: 


Technical Director 
Polak’s Frutal Works, Inc. 
Middletown; New York 


AVAILABLE: FOOD TECHNOLO- 
GIST-young college graduate with ex- 
tensive background in food sciences, 
two years experience in academic and 
industry research and quality control. 
REPLY BOX 803, Institute of Food 
Technologists, 176 W. Adams St., 
Chicago 3, IIl. =n 
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LABORATORY SERVICES 
for the 
FOOD and DRUG INDUSTRIES 
Drug Evaluation, Food Additive Studies 
Chemical and Biological Assays, 
Clinical Studies, Research 


aWact & HARRISSON 
1921 Walnut St. 3. Pa LO 3-432 


Presently Vice-President Research and 
Development. Chemist—with heavy ex- 
perience in directing new products 
development in food field. Seeks re- 
sponsible top level position with plenty 
of room for utilizing know-how and 
imagination. Salary level $20,000. 
REPLY BOX 799, Institute of Food 
Technologists, 176 W. Adams St., 
Chicago 3, II. 


TRUESDAIL 
Laboratories, Inc. 


CHEMISTS ENG! 


Member: American Council of Independent Laboratories 


FOOD TECHNOLOGY, SEPTEMBER, 1960 


FOOD PACKAGING 


Excellent opportunity for food 
technologist with packaging in- 
terest. Experience with package 
selection and testing for consumer 
sales helpful. Degree and at least 
several years of experience desired. 
Should be seeking future growth 
opportunity and be able to partic- 
ipate in team effort. Outstanding 
facilities and benefits. 

Send complete resumé including 
salary requirements to Supervisor 
of Employment. 


Research Center 


GENERAL FOODS CORP. 


Tarrytown, New York 


Major Pennsylvania multi-plant food 
processor seeks M.S. and/or Ph.D. 
research personnel for senior and 
supervisory assignments in Nutrition, 
Bacteriology and Food Technology. 
Reply giving full particulars to BOX 
798, Institute of Food Technologists, 
176 W. Adams St., Chicago 3, Ill. 


AVAILABLE: FOOD TECHNOLO- 
GIST, with extensive and diversified 
experience in production, development, 
supervision, and control of confection- 
ery, desserts, cereal products, ice cream, 
chocolate, bakery and restaurant pro- 
ducts and other foods. Desires position 
of responsibility. REPLY BOX 802, 
Institute of Food Technologists, 176 
W. Adams St., Chicago 3, III. 


RESEARCH BIOCHEMIST — Posi- 
tion requires a strong background in 
chemistry, bio-chemistry and/or Food 
Technology. Assignments will involve 
research on applications for company 
products, primarily enzymes, and tech- 
nical service. Educational require- 
ments are B.S. degree; M.S. desirable 
but not necessary. Experience: 0-3 
years. Miles Chemical Company, Clif- 
ton, New Jersey. 


LABORATORY SERVICES 


for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 


Project Research and Consultation 


Write for Price Schedule 
P. O. Box 2217, Madison 1, Wis. 


**FLORIDA A and M University, a 
Land-Grant College for Negroes, has 
a challenging position for a teacher 
with a Home Economics and Food 
Technology background. Interested in- 
dividuals should write Dr. Clinita A. 
Ford, Head, Department of Home 
Economics, Florida A and M Uni- 
versity, Tallahassee, Florida.’’ 


CEREAL CHEMIST M.S. Cereal 
Chemistry, twelve years experience in 
cereal and food research, testing meth- 
ods, product development, quality con- 
trol and specifications. Desire position 
in Product Development, Quality Con- 
trol or Production, location not im- 
portant. REPLY BOX 801, Institute 
of Food Technologists, 176 W. Adams 
St., Chicago 3, Ill. 


ENZYMES. 


Enzyme Preporations from Calf, Kid Goat and 
lamb animal glandular sources. 


“oan enryme modified 
Mil. 
for rich, distinctive 


flavor development in milk chocolate and other 
chocolate products. 


Write for samples and literature 


PDAIRYLAND: FOOD LABORATORIES, INE 


COMPLETE SERVICE... 

for the FOOD INDUSTRY! 
Radioactive, Infrared Spectroscopy, Food 
Additive Studies, Bacteriology. Write 
for Price List. 
SCIENTIFIC ASSOCIATES 
3755 Forest Park Avenue 
St. Lowis 8, Mo. JE. 1-5922 


FOOD TECHNOLOGIST 

The Pillsbury Company has an unusual 
opportunity in the biological research 
area for a young, talented Food Tech- 
nologist. B.S. or M.S. Degree with an 
interest in food processing equipment 
application is desired. Submit resumé 
to: 


Calbert Butler 


THE PILLSBURY COMPANY 
Minneapolis 2, Minnesota 


Career Opportunities 


* Scientific Opportunities in Food 
Research fields 
Section Leader, Food De- 
velopment Department 
Ph.D. Biochemist with spe- 
cial knowledge and applied 
research in the field of pro- 
tein. Good background in 
colloid and physical chem 
istry desirable. 5-10 years 
experience 


Project Leader, Food De- 
velopment Department 
Ph.D Physical Chemist, 
Ph.D. Biochemist, or Ph.D 
Food Technologist acquaint 
ed with modern biochemical! 
techniques to perform ap- 
plied research and develop- 
ment in Food’ Research 
fields. 0-5 years experience 
Candidates must possess out- 
tanding acad records. Prov- 
en creative accomplishment for 
experienced candidates is 
sential. 
Salary commensurate with 
dividual’s background and 
perience. 
Extensive benefit program. 
location allowance provided. 
All positions located in Minne- 
apolis, Minnesota. 
Send complete reume to: 


Personnel Department, Room 4 


Central Research Laboratories 
2010 East Hennepin Avenue 
Minneapolis 13, Minnesota 


FOOD TECHNOLOGISTS 


An active, confidential service: Interview 
at your convenience. Call, write or wire: 
Gladys Hunting (Consultant) 
Drake Personnel, Inc. 
The Heyworth Building 
Sixth Floor 
29 E. Madison St., Chicago 2, Ill. 


FOOD TECHNOLOGISTS - BS. & 
M.S. - Eastern Canner has openings 
for men with experience in canning 
for Quality Control and Product De- 
velopment. Replies should include edu- 
cation, age, experience and present 
salary. Fine opportunity for qualified 
persons. REPLY BOX 800. Institute 
of Food Technologists, 176 W. Adams 


St., Chicago 3, 


FOUNDED 1922 


and 
esearch Keaaborateries 


® 


Maurice Avenue at 58th Street 
Maspeth 78, New York City 


BERNARD L.OSER, PH.D., PRESIDENT AND DIRECTOR 
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You're sure... when 
it's a “chip” offthe , block! 


It looks like powder, but it’s real Kraft cheese \ * —natural, aged cheese—in dry form. 
Always of Kraft quality, always of uniform flavor “~~ without seasonal variations! So you 
can always depend on Kraft dry cheeses to maintain the uniform, good taste that your 
customers demand in your cheese-flavored items. Use Kraft to make all your present 
cheese-flavored foods even better—and to develop new items for extra sales. Kraft 
cheeses are so easy to handle, too. In the drying process they become free-flowing—and 
store better as well, without refrigeration problems. Choose from these Kraft products 
... one is just right for you. CHEEZTANG—selected aged natural Cheddar cheeses, in 
white or golden color. CHE-ZING—a pasteurized blend of Cheddar cheese solids and 
milk powder. ROKA CHEESE FLAVOR—a blend of Cheddar 

cheese, blue cheese and milk powder. All by Kraft! 


Ask your Kraft Man, or write Kraft Foods Industrial Products Division, 500 Peshtigo Ct., Chicago 90, Illinois 
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Guatemalan Cardamom, the finest in the world, improves the taste of all sorts of good things—from processed meats to 
coffee and curries. Ground Cardamom is used to flavor Danish pastry, buns, breads, and coffee cakes. A natural affinity 
between Cardamom and coffee picks up and accents the taste of a demi tasse. Cardamom is even used to improve the 
flavor of grape jelly. The dried fruit of a plant of the ginger family, Cardamom is strong, spicy and has an aromatic odor, 
which helps account for-its frequent use in spice and curries. Europeans often substitute it for cinnamon. In the Orient, 
people even grind it up and use it like salt and pepper. If you'd like to find out how Cardamom can be used to improve the 
taste appeal of your product, contact us. Samples, free, by sending your business letterhead to NORDA, 601 W. 26th St., 
New York 1, N.Y. - Chicago « Los Angeles - San Francisco Toronto « Montreal - Havana « London - Paris - Grasse « Mexico City. 
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OIL PEPPERMINT s. P.) | 


HIGHEST QUALITY TWICE RECTIFIED OIL 


OIL SPEARMINT F.) 


FINEST SELECTION OF NATURAL OIL 


Neumann, Buslee 


5800 NORTHWEST 


Especially recommended for use where the very 
fine peppermint taste and aroma, absolutely free 
from the weedy and haylike character present in 
ordinary oils, is desired. Useful where low 
alcoholic strength is necessary; very soluble. 
About three times strength of Natural Oil. 


Our new Catalog/Price List is available 
upon receipt of request on your business 
stationery. Please give your Name and 
litle to insure prompt delivery. 


& Wolfe. inc. 
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In your juice 


or blend... 


FINE CHEMICALS DIVISION 


STANDARDIZE—don’t jeopardize 


Nature never standardizes the vitamin C content of 
fruits. Nature’s never uniform. Uniformity varies. So 
standardize—don’t jeopardize—juice uniformity! 


Standardize on juice excellence, with Roche® vitamin C 
(ascorbic acid). Capitalize on quality. Give fruit juices 
and blends: acceptable vitamin C levels, ripe-fruit- 
flavor richness, a nutritional claim for your labels. 


HOFFMANN-LA ROCHE INC, 10, New sersey 


| Keep Faith with Nature—Guard her Goodness a 
wy ) 

| 


In your 
quice 
or blend... 


jeopardize 
Nature never standardizes the vitamin C content of fruits. 


Nature’s never uniform. Uniformity varies. So standardize 
—don’t jeopardize—juice uniformity. 


Standardize on juice excellence, with Roche® vitamin C 
(ascorbic acid). Capitalize on quality. Give fruit juices and 
their blends: acceptable vitamin C levels, ripe-fruit-flavor 
richness, a nutritional label claim. 


ceomeine. FINE CHEMICALS Division HOFFMANN-LA ROCHE INC. nutiey 10, New Jersey 
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